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PREFACE. 


Thp: object in prepariin; this treatise is to supply the press- 
ing need of a text-book to aecom})any a series of lectures given 
by the author to a class in Kconomie Geology at Cornell Uni- 
versity. At first it was the intention to })repare merely a set of 
lecture notes ; but since this is at best a temporal y and unsatis- 
factory expedient, and since the liteiature is so barren ol works, 
on this important subject, the author lias decided to issue a 
text-book, with the hope that it may find n widen* field th.in that 
for which it is primarily intended. It is a surprising fact that 
there is no text-book on Economic Geology which is sufficiently 
recent to be of value, and that nearly all of the books which have 
been issued on the subject treat exclusi\ely of that part of 
economic geology which is in reality ol least importance, and 
give no consideration to the large and imj^oitant group ^ iion- 
inetallic minerals and rocks. 

In the iireparatioii of tlie book esjieeial attention has been 
given to the mineral products of the United States ; and foreign 
localities are referred to only where tliey arc ol maiked impor- 
tance, or where they throw some light upon the origin of the 
materials. Even in this country only the most importcant and 
be$t known localities are described, types being elioseu rather 
than large numbers of variable occurrence^ and, throughout the 
various, ohaipters, the prime object is to ])oiut out the geological 
aspect of the subject, and secondarily the economic importance 
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and relation of the several products. The scope of the wo^k 
would need to.be considerably enlarged to include much more 
than has been included here, and the expansion of the subject 
beyond this elementary outline must be left to the instructor. 
At times the treatment of the subject is somewhat dogmatic, 
since it is not possible, in such a small space, to always explain 
in detail the r i guments upon which conclusions are based ; but 
so far as possible tliis has been done. There is also some repe- 
tition ; but this is intentional, and is introduced in order to 

illustrate the same principle from different standpoints. 

* 

Whenever possible, the localities chosen for description are 
those with which the author is personally familiar ; but, in 
.field so broad, and covering so many diverse industries, it is 
scarcely jxissible for one person to possess information concern- 
ing all, or even a large proportion, of the typical occurrences, or 
even of all the industries. The work is, therefore, in many 
parts a compilation, and free usf" has been made of all available 
sources. This has sometimes amounted to an abstract of descrip- 
tions or conclusions, but rarely to actual quotations, since a more 
condensed statement than is usually found in such sources is 
needed here. The statistics are almost entirely compiled from 
the standard sources, and, where more detailed information is 
desired upon these subjects, reference may be made to these 
original sources. 

Aside from the geological reports of the state and nittional 
geological surveys, and from special articles in the sdientific 
journals, particularly the Engineerinfj and Mining Journal, geo- 
logical descriptions have been obtained from Phillips's Ore 
Deposits and the Census Reports. The purely^ statistical, and 
a considerable part of the economic portions of thc^ t^atise have 
been obtained from the annual reports of the .Director the 
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Mint ; the reports upon the Mineral llesoarces of the United 
States, edited by Dr. I). T. Day under the ausi)ices of the 
United States Geological Survey ; tlie reports of the Census 
Bureau, particularly the volume on Mineral Industries in the 
reports of the Eleventh Census ; and the Mineral Industry, 
etc., for 1892, edited by Mr. It. ]*. Both well, editor of the 
JEnyineerhaj arid Mining Journal. Particular acknowledgment 
is due tlie last-named work, sinc.e it contains a more valuable 
body of statistics and economic*, niateilal, written ])y experts 
upon these subjects, tlian any other source ; and, nioreovc*!-, by 
the remarkable energy of its editor, the statistics are brouglit 
down to the close of 1892, and published a few months after its 
close. On* Vvdl hml there almost every vari(*ty of statistical and 
economic information mion the subjects treated. From these 
sources the statistics have been compiled, in some cases from 
one, in some from all combined, according as the needs of the 
work were best served. It has not seeiiKHl desirable to make 
direct acknowledgments in the following ])ages, exc-e])ting where 
some especial service can be rendered the student by direct ref- 
erence to ])articuhirly valuable essays and monographs. 

11. S. I 111. 


Ithaca, N.V., Sopl. b, 1893 
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OF THE 
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CHAPTER L 

COMMON ROCK AND VEIN-FORMING MINERALS. 

Elements and Minerals. — Chemical investigations have 
shown that about of tlie earth's crust is composed of 
the following sixteen elements: oxygen, silicon, aluminum, 
calcium, carbon, magnesium, potassium, sodium, iron, sul- 
phur, hydrogen, chlorine, phosphorus, fluorine, manganese, 
and barium,. About iiiiiety-scveii per cent of the * Ih’s crust 
is composed of the first nine of these elements. Besides 
these there are over fifty other elements of greater or less 
rarity. Of the elements, oxygen is by far the most important. 
Nearly every element is found united witli it, and in these 
various compounds it forms about one-half, by w^^’ght, of all 
the rocks. Silicon next in abundance, is always found united 
with oxygen. 

Some of the elements occur in the earth’s crust fr^^ e from 
union with other elements. Graphite and diamond are pure 
carbon, and gold, silver, copper, and even iron, are also found 

1 
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free or native. These native elements are, hov/ever, extremely 
rare when coini)are(l with the great mass of minerals. The 
crust of the earth is oxidized, and whatever may have been 
its original condition or what may be the condition of the 
interior, upon the surface nearly all of the elements are in 
cheiiiV.al combinations of greater or less definiteness, and 
these are called minemh. 

Minerals occur in the crust in several conditions. Typi- 
cally they are crystalline,, or with definite molecular structure, 
as in the igneous and metamorphic rocks and most mineral 
veins. Their structure may be glassy when formed by the 
rapid cooling of a lava, or amorphous (without form), as in 
flint, when precipitated, without crystallization, from solu- 
tion. Any of these minerals, partly by decay, partly by 
mechanical destruction, may be removed from the parent 
rock and deposited as sedimentary or stratified rocks. The 
minerals are then fragnmital^ as in sandstones or shales. 
Some minerals are dissolved from the rock and later pre- 
cipitated, as in the case of gypsum, or formed into a sedi- 
mentary rock by the intervention of calcareous secreting 
animals. In such cases the minerals are usually amorphous. 

Theoretically, minerals have not only a definite chemical 
composition, but also a definite geometric form. The com- 
ponent molecules build themselves together according to 
definite laws ; and when their growth is not interfered with, 
crystals are formed according to these laws, and the resulting 
crystal form is capable of mathematical calculation. Con- 
ditions whicl permit this perfect development are compara- 
tively rare in nature, and consequently perfectly formed 
crystals are not Qommon ; but in most cases the tendency 
is shown by definite molecular structure with well-defined 
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optical characters. In mineralogy the crystallographic study 
is of prime importance,^ but in an economic study of minerals 
it is less important than the chemical composition and the 
ever-present physical characters. 

A few predominant cliemical compounds make up the 
greater part of the earth’s crust. Of these, silica (S^), a 
combination of silicon and oxygen, is the most important. 
This forms quartz and its numerous varieties, amethyst, 
agate, flint, etc. ; and, combined with otlier elements, often 
with an extremely complicated chemical composition, silica 
makes the great group of silicates, which includes the larger 
number of the common rock-forming minerals. Oxygen com- 
bined singly with an element forms another great group, the 
oxides to which many ores, such as tljose of iron, belong. 
Combined with aluminum oxygen forms alumina (AI2O3), 
a common mineral; and this combined with silica is the 
base of our clays and an important rock constituent. Oxygen 
with carbon and some other element forms the carbonates to 
which limestones belong; with sulphur and some other ele- 
ment it forms the sulpliates (gyj)sum, etc.) ; and with phos- 
phorus and another element the phosphates. Sulpliur, 
without oxygen, combined with an element forms a sulphide, 
fluorine a fluoride, chlorine a chloride, etc. 

The elements arc divided into two groups, the metals and 
the metalloids. This division was made at a time when the 
known elements were fewer than at present, and was based 
upon the possession or absence of metallic characters ; but it is 
now known that this division of elements is not as sharp as was 
at first supposed, though for the types of the two groups d. still 

1 Dana’s works on in in oral ogy the subjoot of crystallography is treated, 
but the best work upon the subject is Williams’ Elcmouts of Crystdllography. 
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holds. Of the sixteen elements above mentioned, oxygen, 
silicon, carbon, sulphur, hydrogen, chlorine, phosphorus, and 
fluorine are metalloids ; the remaining eight are metals. 
Many of the metals are of economic value, because of certain 
properties which they possess ; but the metalloids, excepting 
carlA^p and sulpliur, are of little importance in the free state. 

Nearly ill common minerals, excepting quartz, contain 
metals in their composition, but the great majority liave the 
metals either in such small quantities or in such refractory 
combinations that they are not separated. From the eco- 
nomic standpoint minerals are of importance in three distinct 
conditions. As rock-forming minerals, making a structure 
which can be utilized in the arts, some of the more common 
silicates are important. Secondly, certain minerals are of 
importance as mineraU ; the phosphates for fertilizers, the 
hydrocarbons for fuels and light, gypsum for plaster, and 
certain minerals which, because of rarity or beauty, are used 
as gems. Thirdly, many minerals are of value for the metal 
which they hold m chemical combination, and which man 
finds it profitable to extract. These three groups will be 
considered separately. In the first group are included quartz, 
feldspar, hornblende, augite, mica, calcite, and dolomite ; in 
the second, carbon, sulphur, phosphate of lime, gypsum, salt, 
corundum, cobalt minerals, chromite, magnesite, talc, soap- 
stone, and asbestos ; in the third group, the ores and veinstones.^ 

1 This consideration of minerals is general, and should be supplemented 
by a study of the minerals themselves, preferably by a thorough course in 
mineralogy. Th^ object in treating the minerals here is to give promi- 
nence to aspect of the subject not usually found in text-books of 

mineralogy. The relations and characters of the rock-forming minerals 
are found in Rosenbusch’s Microscopical Physiography^ Vol. I. Translated 
by Iddings. 
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Common Eock-forming Minerals. — Quartz (SiO.^) occurs in 
many forms in the earth, being very variable in colour, but 
commonly either glassy, or clouded whitish or black, though 
frequently coloured, as in amethyst. It has a glassy lustre, 
is hard, scratching glass readily, and is not scratched by the 
knife. There is no cleavage, but the mineral breaks^! th a 
rounded conchoidal fracture like glass. The specific gravity 
is low. Being both hard and not easily destroyed chemically, 
it is a very durable mineral, and remains long after many of 
the associated minerals have been decayed. Ordinary acids 
do not attack it, but it is soluble in small quantities in water, 
particularly when the water is charged with organic acids or 
alkaline carbonates. Hence quartz is transported by the 
water which creeps through the earth and is deposited in 
veins, and as a cement to many siliceous rocks, sometimes 
transforming sandstones to compact quartz or quartzite. 
That it is present both in fresh and salt water is shown by 
the fact that certain plants (Diatoms) and animals (Infusoria) 
build their shells or tests of silica which they extract from 
the water. There is no mineral more common than quartz. 
Sandstones are made up almost entirely of quartz grains, the 
fragmental remnants of previously existing rocks which have 
disintegrated and given up their less durable minerals to 
form clay. Gneiss and schist, rocks derived by metamorphism 
from other rocks, are in part made up of quartz, which, in 
some cases, forms the bulk of the rock. The original con- 
dition of quartz, as in the case of a great majority of minerals, 
is in eruptive rocks. Certain of these rocks, notably the 
granites, rhyolites, and quartz porphvries, contain this min- 
eral as an essential constituent, it being one of the two 
predominant minerals. Aside from these common occur- 
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rences quartz is found in less abundance in many other rocks, 
sometimes in large pieces, sometimes in minute and even 
microscopic grains. 

Feldspar Group , — The group of feldspars is divided into 
many species, but it is necessary to recognize here only the 
two^main subdivisions, — the orthoclase^ or potassium group 
(KgOAJ 03Si02), and the pla//iodasc^ or lime soda group 
(NagOCaOAl^OgSiOo). Aside from the chemical ^basis for 
this division there is also a crystallographic difference, each, 
group belonging to a different system. Hoth groups have 
certain characteristics in common. There are well-defined 
cleavages,^ the specific gmvity is low, and the hardness less 
than in quartz, but just beyond the touch of the ordinary 
knife. The colour is usually dull and whitish, from decay, 
though green and reddish colours are not uncommon, and 
some fresh feldspars are colourless and glassy. On the cleav- 
age faces the lustre is pearly, but on tlie rough fracture it is 
glassy. They differ somewhat in their ability to decay, but 
all are destructible; and the different species, being of dif- 
ferent chemical composition, decay at different rates. The 
chief difference, and the only one that can be made use of in 
the absence of a microsco2)e, or a clieinieal analysis, provided 
the crystal form is not present, is tlie presence or absence of 
fine striations on one of the cleavage faces. Tliesc are very 
noticeable on some plagioclases, but never on orthoclase ; but, 
as it is not universally present, it is not of much value, and 
hence in this statement but little stress can be placed upon 
the division of the feldspars. An acquaintance with the 
rocks usuall ’ serves to indicate this difference in the feld- 

1 A cleavage is a smooth fracture plane in a definite direction with refer- 
ence to the crystal faces or the crystallographic axes. 
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spars, but this can only come after long experience in 
examining them. Feldspar, even in small grains, can usually 
be told from quartz by the presence of the smooth cleavage 
faces, and usually by the clouded, somewhat decayed appear- 
ance, contrasted with the fresh glassy appearance of tlie 
quartz. 

The feldspars are extremely abundant and their distribu- 
tion very widespread. In the igneous rocks they are more 
^abundant than quartz, since in one form or anoJier they 
appear in nearly all tlie common varieties. The feldspars 
are almost equally abundant in the metamorplhc gneisses 
and schists. When attacked by weathering and perc*olating 
water, ueing i^hemicaliy complex, the} begin to decay and 
form, simpler compounds. The salts of potassium, sodium, 
and calcium are transformed chiefly to soluble minerals 
which are cf^iried aw^ay in solution, while the silica and 
alumina form quartz and kaolin^ a h}dious silicate of alumina 
(H2Alj^Si.^Og-l-H./)), which is the chief constituent of many 
clays. 

Ampliihole Group, — To this gioup belong hornblende, 
which is the most common, tremolite, actinolite, e Horn- 
hlmde is a silicate of inagncsia woth lime, iron, usually 
alumina, and a small percentage of other compounds. The 
colour varies in the amplul)oles from black to white, but 
common hornblende is usually either black or dark green, 
the intensity of the colour varying with the per cent of iron 
and other metallic compounds. It is hard, heavier than 
either quartz or feldspar, has a glassy lustre, a conchoidal 
fracture, and a fairly perfect cleavage in two directions, with 
a pearly lustre on these faces. In gra.iitcs, diorites, gneisses, 
and schists^ it is common, and in many other rocks it occurs 
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in less abundance. Owing to the readiness with which it 
decays, it is rarely found in the sedimentary rocks, although 
the products of its destruction enter frequently into the 
clays and shales. 

Pyroxene Q-roup. — The only common mineral of this 
grou^^^is augite^ which resembles hornblende very closely 
both in chemical composition and physical structure. In- 
deed, unless the crystal form or the cleavage can^e seen, 
the two cannot be told apart in the rocks. Generally the 
augite is more greenish in colour than hornblende, but 
unless the two are seen side by side, this hardly serves to 
distinguish them. The cleavage of augite is nearly rec- 
tangular, while that of hornblende forms a much greater 
angle. Augite is much less abundant than hornblende, but 
in some of the lavas, such as basalt and diabase, as well 
as in some of the gneisses, it is tlie predominating mineral. 

Mica Grroup, — Mica is a family name applied to a wide 
variety of species which, however, can be considcied here 
under two general groups, tlie white or muscovite mica and 
tl\e black or biotite mica. Both are silicates of alumina with 
iron, potassium, magnesium, sodium, and other elements in 
smaller quantities. The white mica contains little iron, 
while the black mica sometimes carries as mucli as twenty- 
eight per cent, the intensity of the blackness being usually 
proportional to the amount of iron. The true muscovite is 
very nearly transparent, while the extremely black biotite 
barely allows light to pass through thin flakes. In specific 
gravity they are about as heavy as hornblende, but there is 
some diflfere iCe among them, the very ferruginous micas being 
a little heavier than the muscovite. They resemble each other 
in hardness (being easily scratched with the knife), in their 



COMMON KOCK AND VElN-ITOilMING MINERALS. 


9 


pearly lustre, but primarily in their remarkable cleavage, 
which allows them to be split readily into extremely thin, 
elastic plates. When occurring in fine grains, as in granites, 
it is sometimes difficult to distinguish the black mica from 
hornblende; but the remarkable cleavage is easily recognized, 
and this serves as a distinguishing feature. 

In the rocks mica is perhaps most abundant in the schists 
and gneisses, though it is present also in many granites as 
an essential constituent, and also in other igneous rocks as 
an essential or accessory mineral. The white mica does not 
decay readily, and is consequently present in many sand- 
stones. Biotite is also piescnt in some of the sedimentary 
rocks, but 1. usually (decays by the loss of iron and some of 
the soluble salts, and the absorption oi water. Chlorite is 
then formed, and tliis mineral is found in clays and other 
sedimentary rooks often in gieat abundance. It Ls present in 
some schists, giving to them, as also to the clays, a greenish 
colour. It can be distinguished from anhydrous mica by its 
green colour and the maiked cleavage, forming flakes which 
are no longer elastic. 

Calcite (CaCOg) is commonly eithci colourlesf^ u’ white, 
as in white marbles, tliough various colours are s )metimes 
assumed. It is soft, of low .specific gravity, and can be told 
from other common mineraL b}'^ its acrion upon the appli- 
cation of dilute hydrochloric acid, when a brisk effervescence 
is caused. In the rocks it occurs, as a very widespread 
constituent, in minute quantities, in many igneous, meta- 
morphic, and sedimentary rocks, but as the main constituent 
of limestone and its metamorphosed product, marble In 
these strata it is usually impure by . admixture of clay or 
some foreign minerals which give various colours to the rock. 
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Dolomite, — Not uncommonly the carbonate of lime is 
combined chemically with magnesium, and the resulting 
mineral is dolomite ([Ca, MgjCOg). This resembles calcite 
very closely, but does not effervesce with weak, cold acids, 
though it will effervesce when tlife acid is heated. There are 
many^ dolomitic limestones, but in other rocks the mineral 
is uncohimon. Both dolomite and limestone are used not 
only for building-stones, but also for a source of lime, and as 
a fertilizer. 

The above minerals constitute the greater part of the 
rocks of the earth’s crust. The only other really abundant 
minerals are the oics of iron which are scattered through 
all rocks as well as gathered together into veins. Sand- 
stone is practically all quartz, or quaitz and kaolin; lime- 
stone and maible are either dolomite or calcite, and sliales 
and clays are practicMlly all composed of the deca^’ed 
products, or finely ground fragments of some of the above 
minerals. Granite and the metamorphic gneisses and schists 
are comj)osed cliiefly of quartz and feldspar with either horn- 
blende, mica, or augite, or a combination of these. Tlie 
other igneous rocks are chiefly comj)osed of feldspar, with 
hornblende, mica, or augite, or a combination of two or all 
three of these minerals. They are the essential minerals 
of the earth's crust, and other minerals are accessories, 
although in some rocks a rarer mineral may be in such 
quantities as to be an essential constituent of these partic- 
ular rocks. For instance, a basalt may have enough olivine 
to become an olivine basalt, or a scliist may be a tourmaline, 
epidote, or talc schist when one of these minerals is abun- 
dant ; but for our purposes the rarer kinds of rock-forming 
minerals may be neglected. 
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Useful Minerals. — This group, which includes those indi- 
vidual minerals used without chemical change, is a very 
large one, but only a few will be described. There are 
many rare minerals, such as the gems beloijging to this 
class, but it is hardly necessary to describe these here. 

Carbon Group, — The minerals belonging to this group 
are of three distinct kinds, — (1) tlie organic material of indefi- 
nite composition stored in the earth and in places trans- 
formed to coal or mineral oils, (2) graphite, and (3) dia- 
mond. Coal is not properly a mineral ; at least, it is not 
strictly the element carbon, but rather a hydrocarbon con- 
sisting of a great variety of chemical and mechanical mix- 
tures. from the stage of pure wood there is every 

gradation to graphite, through peat, lignite, bituminous coal, 
anthracite, and graphitic anthracite. Allied to this group is 
asphaltuin, wliioh in turn grades to mineral oils, and these 
to various indelinite carbonaceous compounds stored in the 
rocks. Carbon in these forms exists not only in beds and 
other accumulations, but also disseminated through many of 
the stratified rocks, particularly shales and limestones, where 
the black colour is often due to thes^ bydrocarboj derived 
from the remains of animals or plants fossilized in ne rock. 
With the liydrocarbon there is frequently some pure carbon. 

When rocks are altered by heat, or by folding with accom- 
panying heat, these carbonaceous substances are slowly 
transformed, in many cases, to fixed carbon, or graphite. 
Thus in metamorphic rocks, which are the result of the 
alteration of sedimentary strata, graphite is common in 
flakes and often in veins. Among marbles this is a common 
phenomenon. Aside from these occui nccs graphite is lound 
both in flakes and in veins in rocks which are not so cer- 
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tainly of sedimentary origin, and here its occurrence is not 
so easily explained. Graphite is a dead black mineral with 
a dull metallic lustre, a greasy “ feel,” and a hardness so low 
that it soils the fingers. 

Diamond^ the other form of fixed carbon, is, when pure, 
perfectly colourless, with an extremely brilliant lustre and a 
hardn ss greater than that of any other mineral. Its origin 
is not definitely known, but it seems probable that it is the 
result of a very slow metamorphism of some previous con- 
dition of disseminated hydrocarbon. 

Sulphur is found in the earth not only in coralfination 
with other elements, but also native, sometimes the result 
of solfataric action near volcanoes, but frequently the 
product of disintegration of some sulphate or sulphide. It 
is usually yellow, soft, brittle, of low specific gravity, and 
with a resinous lustre. 

Phosphate of lime is usually the result of animal accumu- 
lations. The bone beds and guano deposits are directly of 
this origin, but are impure both by chemical and mechani- 
cal combinations, Phosphatic matter is found not only in 
considerable accumulations, but also disseminated through 
the sedimentary rocks, so that when these are metamor- 
phosed, the mineral phosphate, apatite (CagPgOg Avith some 
chlorine or fluorine), is produced. Not only is it found in 
places where its origin seems organic, but also as an acces- 
sory mineral, in scattered crystals in many truly igneous 
rocks as well as in mas.sive gneisses. In the latter it is 
sometimes found also in veins. Apatite is of medium spe- 
cific gravity, it can be scratched with a knife, its colour is 
variable, though most commonly greenish, and its lustre is 
vitreous. Only when found in veins is it of economic 
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importance, though its presence in the rocks adds to the 
value of the soil resulting from their disintegration. 

Q-ypsum^ the sulphate of lime (CaS04+ water) is easily- 
scratched with the knife, has a marked cleavage with a 
pearly lustre, and is usually white in colour. It is present 
in solution in most water, giving to it the property known 
as “ hardness.” In the ocean gypsum exists in solution, and 
consequently sedimentary rocks of marine origin have this 
mineral disseminated through them. By the evaporation 
of salt lakes gypsum becomes concentrated as does salt, and 
it is fijjjquently precipitated in beds when these bodies of 
water are destroyed by desiccation. Limestone beds are 
at times t.'^^isformed to gypsum by the accession of sulphur 
carried in solution from some source, f^^equently the decay 
of sulphides or sulphates ; and, by a similar process, gypsum 
is sometimes formed about sulphur springs and volcanoes. 

8 alt is present in many rocks, part’aularly tliose of sedi- 
mentary origin, and it is derived from the decay of rocks by 
the union of chlorine and sodium. As a mineral it is usu- 
ally formed in the earth by precipitation from a dead sea, 
though much of the salt supply comes from a bri’i«^ which is 
present in sandstones of certain ages. 

Corundum (AI2O3), when pure, bears a marked resem- 
blance to quartz, but it can be distinguished from this by 
its cleavage and excessive hardness, being next, in the scale 
of hardness, to diamond. The two pure forms of this min- 
eral, corundum and sapphire, are comparatively rare; but 
emery, a black variety coloured by iron impurities, is more 
common, occurring in veins in metamorpliic rocks. 

Cohalt Minerals. — Tlie two most 'mportant ores of ' obalt 
are smaltite and cobaltite. Smaltite is a combination of 
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arsenic with cobalt, iron, and nickel in varying quantities. 
It is tin-white or steel-gray, sometimes iridescent from 
tarnish, and has a metallic lustre. It is not easily scratched 
with a knife, and has a high specific gravity. Cobaltite 
(CoAsS) is silver-white in colour, with a red tinge and a 
metj^llic lustre. When, as is sometimes the case, a part of 
the cobul is replaced by iron, its colour is grayish black. 
There is sometimes present on the cobalt ores a peculiar 
apple-green rust, ayinaheryite. These minerals are the source 
of the cobalt compounds in the arts. 

Chromite^ or chrome iioii ore (FeCr204), is the sflprce of 
chromium oxide and the compounds of chromium in use in 
the arts. Its colour is between iron-black and brown-black, 
with a submetallic lustre. It can be scratched with the 
knife with difficulty, and is of moderately high specific 
gravity. The verd antique marble owes its colour partly 
to this ore. 

Magnesite. — This comparatively rare mineral is found in 
considerable abundance in California. It is closely allied to 
dolomite, the latter being CaMg(C03), whereas magnesite 
is simply carbonate of magnesium (MgCOg) without lime. 
It is a brittle mineral of moderate liardness, being scratched 
with the knife, and in colour varies from white to brown, and 
from transparent to translucent. 

Talc (H2Mg3Si40i2) is a soft mineral with a soapy feeling 
and a greasy lustre, and a colour varying usually from 
green to grayish white. The lustre is pearly on the cleavage 
faces, and the cleavage is well developed, so that the mineral 
splits easily iifto thin laminae, but these are not elastic as 
in micas. Soapstone is a variety of this, usually more or less 
impure. These minerals occur very commonly in meta- 
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morphic rocks, particulaily in the less gneissic schists, where 
talcose slates and schists ai-e abundant. 

AnhestoB . — Two very different minerals arc included under 
this name in commerce, owing to their common fibrous 
nature. One, the true mineralogical asbestos, is one of the 
amphiboles and is allied to actinolite, of wliich it is one 
variety. Chemically, it is a silicate of lime, magnesia, and 
iron (Ca[MgFe] 38140^2). It crystallizes in fibres which 
are capable of being woven into a fire-proof cloth, the ami- 
anthus of the Greeks. Tlio secotid form of asbestos is 
chrysotH^^ a fibrous variety of ser])entino (IT4Mg3Si209). It 
has a silky lustre, and usually a greenish white colour, and 
has net)’'l; same properties as true asbestos. 

To these might be added calcite and dolomite (described 
above), since they are used in the manufacture of lime and 
for a fertilizer, serpentine, and the various gems, as well as 
the veinstones, lluurite and barite.^ 

Common Vein-Forming Minerals and Ores. — Character of 
Or^. The ores, though of so much imi)ortaiice from the stand- 
point of economic geology, are, with the exception of those of 
iron, comparatively rare. An ore may be defined as a mineral 
with a metallic base. It may be a native metal, (jr it may 
consist of two parts, a metal and a mineralizer, which may be 
a single element (usually a metalloid) or several elements. 
Properly speaking, the metallic constituent should be a pre- 
dominant constituent. For instance, biotite, which contains 
iron, is not an ore, because the metal is in such small quantities. 
The miner considers an ore to be a mineral with a metallic 
base, occurring in sufficient abundance to be economically 
valuable* but, from the scientific standpoint, a grain of 


1 See p. 17. 



16 ECONOMIC GEOLOGY OF THE UNITED STATES. 


magnetite in a granite rock is as much an ore as a bed of 
this mineral. 

According to the mineralizer, or the chemical composition 
of an ore, we have a basis for the classification of ores, and, 
indeed, of all minerals. Some elements occur native; that is, 
free ''from combination with metalloids. Such are copper, 
gold, sii* er, platinum, and others ; but these may occur 
mechanically mixed or in alloy with one another. Platinum 
is found in this way commonly associated witli osmium and 
iridium, while native gold is nearly always alloyed with 
silver. 

The metal may be combined witli sulphur or with some 
rarer element (arsenic, tellurium, antimony, bismuth, etc.), 
when it is known as a sulphide, arsenide, etc., of the metal. 
When combined with chlorine, bromine, iodine, or fluorine, 
a chloiide, bromide, iodide, or fluoride is formed. An ex- 
tremely common group of ores is that of the oxides, wliere 
oxygen in diffeient ])roportions is united with the metal, and 
there may be several oxides of the same element. These, as in 
the case of many other compounds, may be hydrous or anhy- 
drous, according as tliey have w^ater in combination or not. 
When a metal is combined with silica (SiO.^)? ^ silicate is 
formed. The group of silicates is extremely large, including 
many of the important rock-forming minerals, but as ores 
they are of little importance. Most of the silicates are 
extremely complex (hornblende, mica, feldspar, etc.), form- 
ing the groui^ of bisilicates, but the few ores in this group 
are unisilicates, or minerals where only one metal is combined 
with the silicat When sulphur is in The place of silicon (SO3 
instead of SiOg), the sulphates are formed, and when in place 
of this there is carbon (COo), carbonates result. Aside from 
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these there are certain rarer compounds, the phosphates, 
arsenates, borates, etc., which are of little importance as ores. 

Common Veinstones. — Ores considered from the economic 
standpoint occur in beds or in veins. Usually they are 
associated mechanically with other minerals, sometimes rocks, 
which are of no economic value, and are known as (jang'^jie or 
veinstone. Almost any mineral may occur as gangue, and 
frequently there are several, some of which may ))e ores, 
such as iron pyrite, wdiicli are not of economic value. Tlie 
most common veinstones are (juartz, calcite,^ H norite or fluor- 
spar, and barite or lieavy-spar, the first two being by far the 
most common. Many rarer minerals also occur as a part of 
the gaj'gu^ in mineral veins, and it is from tliese places that 
many of the cabinet specimens of minerals are obtained. 

Fluorite (CaF2) resembles calcite somewhat, beijig usually 
white, or transparent, though often coloured, having a very 
perfect cleavage and a vitreous lustre. It is, liowever, harder 
and somewhat heavier than calcite, and does not effervesce 
with acids, so that it is easily distinguished. 

barite (BaSO^) lias nearly the same characters as fluorite, 
but is strikingly heavy for a light coloured miner:.’, and one 
is attracted by its weight ; hence its name hcavy-sj^ar. 
This mineral, as well as the others, h:is a distinctive crystal 
form; but, since it occurs more commonly as a massive 
mineral, this character is usually not of importance. 

Common Ores. — Through these veinstones the ores are dis- 
tributed, sometimes uniformly, sometimes very irregularly. 
At times they are concentrated into layers, often they are 
disseminated. In one part of the vein the ore may be of one 
chemical combination, in another a different kind may be 
1 Quartz is doscribed on p 5, calcite on p. 9. 
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found; and even different metallic bases may predominate 
in different parts of the vein. 

One of two methods may be adopted in a classification of 
the different ores, — the mineralogical, based upon chemical 
composition, or what may be called the economic, in which the 
basis of primary division is the metal wliich the minerals 
contain.* '* The latter is adopted here, as in the later chaptem, 
for the general groups ; and under each metal the different 
mineralogical occurrences of importance are mentioned for 
the following : iron, gold, platinum, silver, copper, lead, 
zinc, mercury, manganese, aluminum, tin, nickel, and anti- 
mony. The ores of cobalt and chromium are omitted here 
since they are not used as a source for the metal, but as 
minerals, and hence are considered under the previous group. 
The specific gravity of nearly all the ores is high, and will 
not be given unless it is exceptional. 

Iron occurs, as an ore, in a number of mineralogical asso- 
ciations, but chiefly in the form of an oxide. Native iron 
exists in meteorites, and also in CJreenlaiid in an eruptive 
basalt, but in none of these occurrences is it valuable as an 
ore. The ores of iron are usually marked near the surface 
by the yellow iron rust with which we are familiar in 
old iron. 

Iron pyrite^ the sulphide of iron (FeSg), is mined for the 
sulphur, not for the iron it contains, the combination being 
so refractory that all the sulphur cannot be removed with- 
out great expense. It is brass-yellow in colour, with a 
metallic lustre, and is too hard to be scratched with a knife. 
It grades into copper pyrite, but when there is much cop- 
per present the colour becomes more golden. Sometimes, 
though not commonly, gold occurs in iron pyrites in in- 
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visible grains. There are other forms of pyrite in which 
iron is a constituent with some other metal, but none are so 
common as the almost pure iron pyiite. 

Limonite (2 FegOg + S II 2 O), hydrous sesquioxide of iron, 
is a brown or yellow mineral sometimes very earthy, but in 
its pure form having a liardness about equal to that of Sxcel. 
A number of mineral ogical varieties are commonly included 
under this mineral, the entire series of liydrous sesquioxides 
of iron (including gdthite, tiirgite, bog iron ore, etc.) 
being called brown liematite by miners. The series can be 
told from other ores of iron by the fact that their powder is 
yellow 01 yellowish brown, and this is best seen by testing 
the ‘‘ strcCiR " »vhich is obtained by scratching the mineral on 
a piece of rough porcelain or white quartz. 

Hematite (Fe^Og) differs chemically from limonite by 
the absence of water, and there is accordingly every grada- 
tion between the two, the rust of hematite being limonite. 
The red colour of soils is due to a hematitic iron, as the yellow 
colour is to liinonitic iron. Hematite is harder than limonite, 
has a metallic lustre, and varies in colour from red to brown, 
or even black. Its streak is reddish L. ^wn, and u* serves 
to distinguish it fi’oin limonite and magnetite, the Si,.eak in 
the latter mineral being bhuk. TInue are foiu* common 
varieties of this species, — (1 > sipecular hematite^ which has 
a brilliant metallic lustre, and which is called micaceous 
hematite when the structure is foliated; (2) columnar he- 
matite^ where the structure is radiating and the lustre less 
metallic; (3) red ochreous hematite^ \y\\q\v the colour is red 
and the structure earthy; and (4) ar<jiUaceou8 hematite ('day 
iron stone), when the earthy form 5 mixed with clay. 
Miners include under the name red hematite all those vari- 
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eties having a red streak, and according to the form of the 
ore they give different names, such as flaxseed ore, fossil 
ore, etc. 

Magnetite (FcgO^) is always black, with a black streak, a 
metallic lustre, usually with a granular structure and con- 
choidal fracture. In hardness it cannot be scratched with 
the knifer I\ feature which distinguishes it from the other 
ores of iron is its magnetic property. 

Franklinite is almost identical in form and appearance 
with magnetite, but it is not magnetic, and differs chemi- 
cally in the possession of both zinc ancf manganese in addi- 
tion to iron. In this country it occurs in only one locality 
as an ore, and that is at and near Franklin Furnace, Sussex 
County, New Jersey. 

Siderite^ the carbonate of iron (FeCOg), is readily 
scratched with the knife, is light compared with other iron 
ores, and in colour varies from gray to brown. It very closely 
resembles a discoloured calcite, which in reality it frequently 
is, the calcium being replaced by a certain per cent of iron, 
and in pure siderite being completely replaced. 

Gold occurs in the earth in only two mineralogical forms, 
so far as known, one in association with tellurium, the other 
native, the latter being its typical occurrence and the one 
from which the gold in use is obtained. While we speak of 
it as a native ore, this is not strictly true, since gold is 
nearly always alloyed with other metals, chiefly silver, in 
greater or less proportions. It is found mixed mechanically 
with other minerals such as iron pyrite, copper pyrite, and 
silver ores, and lAich of the gold is obtained from the last 
two sources, being a by-product in 
other metals. 
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Platinum occurs as an ore in the native form, but, like 
gold, usually alloyed with other metals, chiefly iron, iridium, 
and osmium. It is found in irregular lumps, usually of 
small size, is steel-gray in colour, has a metallic lustre, can 
be scratched with the knife, and has an extremely high 
specific gravity. 

Silver is found in much greater variety of chemical com- 
binations than the two last metals, since it is much more 
readily attacked by the ordinary mineralizers. Native silver 
is less common than the mineralized species, but it is, never- 
theless, not uncommon. It also occurs native as an alloy 
of gold, copper, and other metals, and much silver is annu- 
ally obt*^’i*c 1 from these sources. A large part of the supply 
of silver of this country comes from the sulphide of lead, 
where silver at times replaces some of the lead. There 
are numerous ores of silver, but only three are of marked 
importance. 

Argentit^ (AgaS) is a blackish lead-gray mineral with 
metallic lustre, and distinguishable from the other ores of 
silver by its malleability. Tlie argentiferous lead sulphide 
may be considered a mixture of this mineral and ' 'ad sul- 
phide, the richness in silver varying with the proportion of 
argentite. 

Pgrarggrite, or ruby silver, is a sulphide, 
antimony and sometimes arsenic. Its colour ^is black, 
times a very deep red, and always witii ^ ruhy-red s 
The lustre is very brilliant metallic. . - 

Oerarggrite^ or horn silver (AgCljL is extremely 
and can be cut with a knife like horn. TJiJ’he colour 
ally gray, and the lustre resinous. With a very, 
the chlorine is driven off and native silver left. This ore is 




22 


ECONOMIC GEOLOGY OF THE UNITED STATES. 


found in the Cordilleras, Mexico, and South America, in 
the latter place, particularly in Chili, occurring with a bro- 
mide and iodide of silver. 

Copper is found native in this country chiefly in the Lake 
Superior region. Its most common occurrence, however, is 
as the sulphide, chalcopyrite (CuFeSg), or copper pyrites, 
which is in reality a sulphide of iron and copper combined, 
the propr.rtioii varying from an exceedingly cupriferous 
variety (chalcopyrite) to pure iron pyrites. The former is 
golden yellow in colour with commonly an iridescent tar- 
nish; the latter is brassy. Anotlier sulphide, chalcodte 
(CU2S), is lead-gray and ratlier soft. The oxide cuprite 
(CU2O) is red in colour and translucent, with a metallic 
lustre, sometimes brilliant, sometimes earthy. Chrysocolla^ 
Jhe silicate (CuSiOg-f water) is green to bluish green, the 
colour of copper rust. The lustre is vitreous, the specific 
gravity low, and the mineral soft. There are two carbo- 
nates of copper, — malachite (CugCO^-f- water) and azurite 
(CllgCgO^-f water), — the first being green in colour, the 
second blue, and each with brilliant vitreous lustre, of low 
specific gravity, and with a hardness such as to admit of its 
being easily scratched with the knife. Ores of copj)er are usu- 
ally more or less oxidized at the surface, and can generally 
be told in such places by the characteristic green or blue rust. 

Lead does not occur native, but is most commonly found 
in the sulphide galenite^ or galena (PbS), a lead-gray mineral, 
with a metallic lustre and well-defined cleavages. The knife 
scratches it easily. Galena is very commonly argentiferous, 
and a considerable percentage of our silver is extracted from 
this ore. The sulphate of lead, anglesite (PbSO^), is white, 
yellowish, or grayish, soft, and has a resinous lustre. 
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Cerussite^ the carbonate (PbCOg), has usually a white or 
grayish colour with a brilliant vitreous lustre, and is 
easily scratched with the knife. Botli the sulphate and the 
carbonate are commonly tlie result of the decomposition of 
some other foi-m of lead ore, usually galena, and all of tlie 
lead ores are freciuently marked at the surface by a peculiar 
pale yellow rust. 

Zinc occurs most commonly as zinc blende, or sphalerite^ a 
sulphide (ZnS), called by miners black jack. It varies 
markedly in colour, but is most frecjuently brown or yellow ; 
it has a peculiar resinous lustre whicli is quite distinctive ; 
it can be scratched with a knife, is rather light for an ore, 
and has very marked cleavage. There are two oxides of 
zinc, franklinite (already described under iron) and the 
red oxide of zinc, zincite (ZnO), which has a red colour, 
usually of a deep shade, though sometimes being orange- 
yellow, a brilliant vitreous lustre, and a hardness within 
the touch of the knife. Zinc as an ore occurs as a silicate 
in two forms, the liydrous and the anliydi’ous. The latter, 
willemite (Zn2Si04), is usually yellow with a vitroo-resinous 
lustre and a conchoidal fracture. As m most sil’ ites, the 
specific gravity is low for an ore. The liardness is not 
great. Calamine^ the hydrous silicate (Zii.^SiO^ f water), is 
white in colour, but otherwise resemble^ willemite, except- 
ing that it is lighter on account of the contained water. 
Smithsonite^ the carbonate (ZnCOg), is usually white or 
grayish, with a vitreous lustre inclining to pearly, and a 
hardness and specific gravity about like that of willemite. 
It effervesces with acids, as do many of the carbonates. All 
of the above ores of zinc, with the e-ception of franklinite, 
are translucent, or in some pure specimens transparent. A 
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whitish rust is frequently present in zinc ores which have 
been exposed to the action of weathering. 

Mercury occurs as an ore in the form of the sulphide ein* 
nahar (HgS), although sometimes native mercury is formed 
by the decomposition of this ore, the affinity of the two 
elements being very slight. Cinnabar is very soft and 
heav 3 ^ hfe j. brilliant lustre, is red in colour, often of a 
deep shade, and breaks with an uneven fi-acture. When 
heated carefully, the sulphur is driven off and metallic 
mercury is left ; but if lieated too high, both the mercury 
and sulphur disaj^pear. This ore is used not only as a source 
of metallic mercury, but also as a mineral for vermilion. 

Manganese occurs in many rocks as a black or purple stain, 
and it is an oxide of this metal which forms the arborescent 
stains called dendrites, which are so common on cleavage 
and jointed faces in mariy rocks. It is found very com- 
monly with iron in greater or less quantities ; and, as it is in 
iron-working that the chief supply of manganese is used, 
much of the metal is mined in this form and never sep- 
arated. There are, however, several ores which are mined 
for manganese, the piincipal being the three oxides, — pyro- 
lusite, psilomelane, and wad. Pyrolusite (Mn02) is usually 
black or dark steel-gray, with a metallic lustre, rather soft, 
and not very heavy. Psilomelane is a mineral of doubtful 
composition, being essentially an oxide of manganese and 
barium with water. Its characters are almost exactly 
like those pyrolusite, but it is much harder, and the 
knife scratches it with difficulty. Wad^ or bog manganese 
(MnOj-f- water), is usually impure, just as is the case with 
bog iron ore and for the same reason. It is extremely soft 
and earthy, not heavy, and varies in colour from dull black 
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to bluish or brownish black. The ores of manganese usually 
rust to this mineral under the action of weathering. 

Aluminum, although one of the most abundant of the metals, 
is also one of the most difficult minerals to extract from most 
of its ores, since it is firmly held in cliemical combination by 
its mineralizers. It is found in all the silicates of alumina, 
of which there are many, and is present in all felds2)ars and in 
the clay or kaolin which results from their decay. Ordinary 
kaolin (Il2Al2Si20j^-f water) contains an inexhaustible sujiply 
of this metal, but it cannot at j^resent be economically 
extracted. Corundum (AI2O3) is a 2)ossible source of alu- 
minum, but is not now used, because it is more valuable for 
other purposes. CrifOvite (Na3Al2Fi2) chief 

sources of aluminum. It is usually pure white, thougli 
sometimes coloured, has a vitreous lustre, is translucent, 
brittle, easily scratched with the knife, and has a rather low 
specific gravity. It is fusible in the flame of a candle. The 
mineral bauxite (or beauxite) ( AI2O3 -f- iron and water), also 
used as a source of aluminum, is white or brown in colour, 
and occurs as concretions in clay. The colour and hardness 
vary with the j^er cent of iron. It is a coniparati\ y light 
mineral. 

Tin is obtained entirely from the oxide cas^sitcrUe (Sn02), 
which is usually broAvii or black, with a brilliant lustre, a 
hardness too great to be scratched with a knife, and a high 
specific gravity. With the blow^ujic, it can be reduced on 
charcoal with soda to metallic tin. The ore is found both as 
tinstone, in coarse granites or pegmatites, and as stream-tin, 
in river gravels, where, by the decay and removal of the tin- 
bearing rock, it has accumulated, owing to its high specific 
gravity and chemical indestructibility. 
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Nickel is obtained from the two sulphides, millerite, niccoli- 
ferous pyrrhotite, and the arsenide niccolite. Millerite (NiS) 
is a bi*ass-yellow mineral, usually with a gray iridescent 
tarnish, a metallic lustre, and a moderately high specific 
gravity. It is brittle and can be scratched with a knife. 
Niccoliferous pyrrhotite is a sulphide of iron (Fe^Sg), with 
more or Tes- nickel, and this ore is the principal source of 
nickel. In colour, it is bronze-yellow and copper-red, 
usually tarnished, and in specific gravity, hardness, and 
brittleness, it resembles millerite. In a fine powder it is 
attracted by the magnet. Niccolite (NiAs) is harder and 
heavier than either of the other two ores of nickel, being 
scarcely scratched with the knife. The colour is pale copper- 
red, with a gray or blackish tarnish, and a metallic lustre. 
Associated with nickel are the ores of cobalt,^ and one of 
these ores, smaltite, contains nickel in varying proportions. 

Antimony and its compounds are obtained from the mineral 
stibnite (SbgSg), a soft, sectile mineral of medium specific 
gravity, a metallic lustre, and a lead or steel-gray colour, with 
a blackish or iridescent tarnish. It is soluble in hydro- 
chloric acid. 

The above summarized description of minerals gives only 
those tests which can be applied roughly in the field without 
the use of exact methods, and includes those features which 
are present in ores, omitting the more purely mineralogical 
characters. The object of the summary, however, is less the 
presentation of the mineralogical than the geological features. 
There are many other minerals which one is liable to en- 
counter in the mines and quarries, some of them of economic 
value, but the above include the most common species, and 


1 Described above, p. 13. 
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the ores which are most liable to be met with frequently in 
economic work. Without a thorough mineral ogical study, 
a more comidete list or a more thorough statement of the 
features of the minerals would bo useless ; but such a study 
is very desirable, indeed necessary for one who wishes more 
than an elementary knowledge of economic geology 

^The most complete text-book on mincralo^^ is Dana’s System of 
Mineralogy^ though the essential features are given in the Tert-Book or the 
smaller Manual of Mineralogy by the same author. Rrush’s Blowpipe 
Analysis gives the blowpipe tests for minerals. While there are numerous 
other text-books, those are the standard works and best adapted to the 
needs of the American student. 



CHAPTER 11. 

KOCKS OF THE EAIITH’S CRUST. 

The earth’s crust, so far as it has been exposed to view by 
the piocesses of erosion, or by mining operations, is found to 
be composed of rocks of different cliaractei's, but all alike 
in the fact that they are composed of minerals. Sometimes 
a rock is composed of one mineral, but more commonly several 
combine to make up the rock-structure. Not only do they 
differ widely in mineralogical composition, but they differ 
both in form and in oiigin, and upon the latter basis we 
divide the rocks into three groups — Sedimentary, Eruptive, 
and Metamorphic. 

Sedimentary Rocks. — There is no single term which can 
properly be ap])lied to those rocks whicii are neither eruptive 
nor metamorphic. The term sedimentary^ strictly used, 
includes only those rocks wliich are formed as sediments, and 
excludes a large group of rocks subaerially formed. Stratified 
refers to those which are formed in strata or layers, but many 
metamorphic rockj are truly stratified; and, on the other hand, 
the glacial deposits are, in large part, neither sedimentary 
nor stratified. The terms fragmental or clastic might be used 
were it not for the fact that they exclude certain chemically 
deposited rocks, as well as those of organic origin, which are 
truly stratified. Of these several terms, sedimentary is, per- 
haps, the best general name, and in this treatise it will be used 
to include all rocks which do not fall into the other groups, 

?8 
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and the most important of which are botli stratified and sedi- 
mentary. The material forming these rocks is of secondary 
origin, being derived either by mechanical or chemical means 
from pre-existing rocks. 

According to the nature of the material composing these 
strata we have a basis for classification. A conylomerute is 
composed of pebbles rounded, generally by water action, and 
cemented by finer, usually sandy j^articles, and some chemi- 
,cally deposited mineral, such as calcite or iron oxide. The 
pebbly beaches are composed of material which might readily 
become consolidated into a haid conglomerate. When the 
pebbles are angular, as, for instance, when they have not been 
transpcrtod f<‘r from their source, tlic rock is a breccia. The 
name fault breccia is given to a similar aggregate of angular 
fragments found in a fault plane, and caused by the crushing 
of the rocks. As upon a beach there is every gradation from 
a mass of coarse pebbles to a fine-grained sand, so among the 
sedimentary rocks there is every gradation between con- 
glomerates and sayidstones. The particles composing the 
sandstone are usually quartz, for the reason that this is 
the most durable of common minerals, and outlast i. both the 
chemical disintegration and the mechanical wear to which 
the less durable minerals succumb in the process of weather- 
ing and transportation. Sandstone grades into clay rocks^ 
which are composed of the finer parts of rock decay and 
of mechanical destruction. When consolidated these may 
become claystoy^es^ or shales if they split easily in the direction 
of the bedding, and these may be sandy, or, on the other 
hand, of exceedingly fine grain. Since there are ihese 
gradations, it may be difiScult to say w.. ether a rock is a shale 
or a sandstone, and then it may be necessary to introduce 
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a compromise term, such as shaly or argillaceous sand- 
stone, or sandy shale, according to the predominating 
constituent. 

These rocks are deposited in water, and in all bodies of 
water they are now being formed. The rivers, lakes, and 
oceahs are repositories of these various materials, which are 
derived f^'jin the waste of tlie land. Frost and the agents 
of weathering cause the rock to disintegrate, the wind and 
moving glaciers grind the material liner; rain, gathering into 
rills, rivulets, and powerful rivers, sweeps this material toward, 
and finally into, the sea. Here tlie waves and currents work 
it over, grind it finer, and assort it, trans[)orting the finer 
particles out to sea and depositing the coarser fragments near 
the land. The waves beating upon the shore batter off other 
fragments which are placed with those furnished by weather- 
ing and river erosion, and these all go to make up the sedi- 
mentary deposits of the ocean. These fragmental rocks are 
furnished by the land waste, and their source may be other 
sedimentary, or eruptive, or metamorphic rocks. 

Chemically Precipitated Hocks, — When rains fall upon the 
land, a part of the water sinks into the ground, while the 
remainder gathers into streams. The former, and to a slight 
extent the latter, takes from the rocks a certain store of 
soluble mineral which it carries away. In places, notably in 
inland seas, where this mineral matter becomes concentrated 
by evaporation, the water becomes overcharged, and is forced 
to precipitate some of the dissolved mineral. Carbonate of 
lime, particularly the magnesian carbonate, gypsum, and salt, 
are the chief d posits of this nature. In the neiglibourhood 
of hot springs siliceous rocks and deposits of carbonate of 
" lime may be precipitated ; but this class of rocks, since they 
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are very local, is of scarcely any general importance in a 
consideration of the structure of tlie earth’s crust. 

Organic Hocks, — Far from land, where rock fragments are 
rarely transported, the ocean bottom receives practically 
nothing but contributions of organic remains, exc‘epting such 
fragments as may 1x3 tiansported by ice, or such bits of 
pumice as may float to that point. Minute lime-secreting 
animals furnish the greater part of this supply, and, therefore, 
in great ocean depths there is a muddy ooze, composed 
principally of their tests or shells, and tliis is called globi- 
gerina ooze,, from tlie prtuloniinance of species of animals 
belonging to this genus. The chalk of England is a dei)osit of 
very neariy iMs cliaimver. In still gi eater ocean deptlis, even 
this small supply is not furnished; for here, owing to 
the great pressure of tlie w^ater, the lime composing these 
shells is dissol^ed as they droj) towarid the bottom. Here a 
red ooze is formed, wdiieli is composed of tlie insoluble residue, 
and is therefore of extremely slow^ growth. Among the sur- 
face rocks, w'e have as yet failed to identify any similar 
stratum. 

Organic contributions to the strata are, how"e\ more 
numerous than this. Practically, every sedimentary rock 
contains some relic of organic iviiiains, e\en if no more than 
an indistinguishable powder of lime, resulting from the 
grinding up of calcareous shells. From this there is every 
gradation to pure limestone, wdieii the entire stratum is made 
up of animal re mains Ppon tropical coasts, where marine 
life attains a luxuriant develojmient, there is frequently 
nothing furnished to the sea in solid form, excepting frag- 
ments of shells, corals, or other calcareous remains built up 
of carbonate of lime extracted from the sea-water by the 
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marine animals. Such conditions prevail in coral-reef regions, 
where limestone beds are at present being dei)osited. There 
are conditions under which the limestone ma}^ be deposited 
in an impure form, as, for instance, by the addition of clay, 
forming an argillaceous limestone, or of magnesia, which 
produces a magnesian limestone. 

Certain minute animals (Infusoria) and plants (Diatoms) 
extract silica from the water for the construction of a 
siliceous test, and under certain conditions, chiefly in fresh- 
water deposits, tliese may be accumulated into a layer of 
infusorial or diafomacroua earth. Of coals little need be 
said here, since these strata will serve as a special topic. 
They have resulted from vegetable contributions to the 
earth’s crust, under conditions favouiing rapid burial and 
protection from destiuction. Coals are of importance from 
an economic standpoint, rather tlian from tlieir value as 
parts of the earths strata; but, when carbonaceous shales 
and limestones are taken into account, it is found that 
vegetable contributions to the earth's crust are of much 
importance. 

Conditions of Accumulation. — Tliese several deposits, most 
of which are extremely important in the structure of the 
earth’s crust, although being formed in all bodies of water, 
are being most rapidly deposited in the ocean, where also they 
are most widespread. Hence it is tliat the sedimentary strata 
of the world are most commonly of marine origin. That this 
is true we know from their fossils, which are usually the 
relics of marine animals. Furnished by the decay of the rocks, 
or the death ot animals or plants, these deposits are gathered 
in the sea and accumulated, often to great depths, before 
finally being raised above its surface. The earth’s crust is 
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changing in form : certain areas are slowly rising and others 
sinking. This we know partly by direct observation, partly 
by inference from the present position of sedimentary rocks 
on the very crest of mountains. If a coast line is suffering 
a gradual downsinking, the accumulating sediments may 
gather into a great thickness of strata, one deposited upon 
another. In places, thousands of feet of sediments have 
been thus accumulated. Those which are beneath become 
consolidated by pressure, and by a cement deposited from 
solution, by percolating water, and when finally the series 
of strata is elevated above sea-level, what was once an 
unconsolidated stratum of sand has been transfoimed into 
a hard sandstone. Tins, in general, is the way in which our 
sedimentary scries has been foimed and placed in the present 
position as a part of the land. 

In the ocean the fiagments, being deposited by gravity, 
tend to build up layers of nearly hoiizoiital strata, thicker 
and coarser near the shoie, and thinning out as well as becom- 
ing of finer texture in a seaward diiection. They vary from 
horizontality only when the irregulaiities of currents or 
waves cause a local variation of position, or when e form 
of the ocean bottom is uneven. Such cases are, compara- 
tively speaking, both rare and local, and it is a safe state- 
ment to make, in general, that sedimentary layers are 
originally horizontal. Yet, when these strata are found 
upon the land, they are scarcely c\er perfectly h^^nzontal, 
and are frequently tiHed at a high angle. The same cause 
which brought about the depression and elevation of the 
ocean bottom, and which is still taking place, — namely, the 
contraction of the earth, — has caused the crust to wrinkle, 
the layer's to bend and break, and mountains to form. Hence 
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it is that we find the strata so often thrown out of the hori- 
zontal and cast into folds, or broken and faulted. 

Igneous Rocks.^ — Rocks which have been formed by ^be 
cooling of molten material coining from within the earth 
are known as igneous. In some parts of the earth they are 
extremely abundant, while in others they are practically 
absent. Thus in the United States the Cordilleras abound 
in igneous intrusions and extrusiojis, while in tlie Central 
States they are very rare. In general, it may be said that 
igneous rocks abound in highly tilted strata, and are liable 
to be rare in those which are nearly horizontal. The same 
thing may be stated in another way ; namely, that igneous 
rocks are most abundant in mountainous regions, or in 
regions where mountdins foimeily existed but have been 
destroyed by erosion. Of the former the Cordilleras furnish 
an illustration; of the latter. New England. 

Igneous rocks vary greatly in character in two ways: 
chemical composition and physical structure. On the one 
hand there are some having from sixty to seventy per cent 
of silica, on the other, forty per cent or even less, while 
between these two exti ernes theie is every gradation in 
chemical composition. Accompanying this variation there 
is naturally a wide difference in raineralogical composition. 
There are, for instance, granites which have orthoclase feld- 
spar, quartz, and some other minerals; syenites containing 
the same minerals with the exception of quartz ; diorite car- 
rying hornblende and plagioclase feldspar ; and many other 
species, as will be seen in the accompanying table. 

In structural features these vary fiom glassy to coarselj^ 

1 A scientific treatment of the igneous rocks will be found in Rosenbusch’s 
Mikroskopische Physiographic der Massigen Gesteine. 
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crystalline. Certain rocks are natural glasses, others have 
a glassy groundmass with large, quite perfect crystals, por- 
phyritic crystals, scattered through it, still others have a 
fine-grained granular structure called cryptocrystalline, and 
many are holocrystalliiie, or of a coarse-grained granitic 
structure. All of these various physical differences may be 
possessed by rocks having essentially the same chemical com- 
position, and, indeed, all may be present in the same mass. 
This difference in structure is largely the result of a differ- 
MrCnce in the rate of cooling. A surface lava, cooling rapidly, 
may become a natural glass, because the minerals had not 
time to crystallize out of the molten magma, while the same 
lava, cooling slowly, migiit assume a granitic or holocrystal- 
line structure. 

Upon these two characters the following classification ^ 
is based. Those in the vertical columns are of essentially 
the same chemical composition, while in the horizontal rows 
the chemical variation is indicated by the change in minera- 
logical character. 

The position of these igneous rocks in the earth’: crust 
varies. They differ from the sedimentary strata inci- 
pally in the lack of uniformity and regularity. So far as 
the chemical character is concerned, there is no uniformity of 
occurrence which can be predicted. Acid and basic lavas 
may be found intimately associated in the same region ; or, 
on the other hand, only one kind of lava may occur. Also, 
the igneous masso» may all be of uniform structure, or there 
may be holocrystalline, cryptocrystalline, porphyritic, and 

1 Adapted from Adams’ table, which is bavsed i the Rosenbusch clas- 
sification of igneous rocks. This tjible differs from the Adams table only in 
the omission of cei cain comparatively unimportant groups. 
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glassy, all in the same region. This variability is the result 
of causes which cannot be discussed in detail here. In 
general, it may be said that lavas arc derived from a portion 
of the earth some distance beneath the surface, and are an 
expression of an effort of this molten material to escape. 
If ‘they are successful in this effort, they flow out upon the 
surface, (5bol mpidly, and tend to become glassy or crypto- 
ciystalline in structure; but if unsuccessful, they cool slowly, 
and become well crystallized. Their variation in chemical 
composition is apparently the result of a variation in source 
of supply, although it is difficult to explain why neighbour- 
ing volcanoes send forth different lavas, and still more diffi- 
cult to understand why the same volcano may at different 
times erupt different lavas. 

In the effort to attain the surface, some igneous rocks 
escape from the earth, and issue as lavas from a volcanic 
vent, or from a fissure. These extruded or effusive rocks may 
flow out quietly as lava, or, by the explosive violence of the 
contained water, they may be blown into fragments of 
volcanic ash or pumice. In both these cases there is a 
tendency to build up a cone about the vent, although, where 
the vent is a great crack or fissure, large areas of country 
may be flooded and no cone constructed. An ordinary 
volcano erupts lava which solidifies within a radius of a few 
miles from the vent, and its influence is therefore local ; but 
volcanic ash, rising high in the air, may float great distances 
either in the air or on the water. Later these deposits may 
be destroyed by denudation, and their fragments distributed 
in the ocean as sedimentary deposits ; or, on the other hand, 
tjiey may themselves be buried without change, and become 
a part of a bedded series of sedimentary strata. 
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While vast quantities of lava escape to the surface, vast 
quantities, also, are unsuccessful in their effort to escape. 
Such rocks are often found solidified in the other rocks into 
which they have been intruded. The volcanic vent, when 
the activity ceases, becomes clogged with the contained lava, 
and there is a plug or volcanic neck of solidified lava extenaing 
deep down into the earth. At times, the lavas find it easier 
to raise the strata in an arch than to break through them, 
and a laccolif(\ or well of lava, is formed. Intruded sheets of 
lava are found between the sedimentary strata, and at times 
these are rent asunder and masses of molten rock forced 
into them, forming great areas or losses^ such as the granite 
masses. Inesc various rocks are said to be intruded or 
intrusive^ and those like granite, which are intruded at 
great depths, are called plutonlc or deep-seated. They are 
revealed only after the thick overlying layers have been 
removed. 

From all of these igneous masses, dikes^ or narrow sheets 
of lava, may extend, sometimes as feeders, sometimes as off- 
shoots, and where the volcanic history has been complex, 
there may be a great complexity in character and position of 
the igneous rocks. They may cut each other, or traverse any 
of the groups of sedimentary or metamorphic strata. Some- 
times their boundaries are slieirpl}^ defined and regular, but 
more commonly they are irregular, and even at times in- 
definite. It is more common for them to traverse the sur- 
rounding rocks in a more or less vertical sheet, but cases are 
numerous where such intrusions are nearly horizontal. 

For a study of that part of economic geology which dr;als 
with ore deposits, some knowledge of igneous rocks is neces- 
sary, for the reason that many such deposits are in greater 
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or less degree due to their presence. By direct contact, 
these heated intrusions have, in some cases, caused an ac- 
cumulation of valuable ore. Still more commonly have they 
furnished the ore which has been gathered together in the 
vein ; for nearly all, if not all, igneous rocks carry a certain 
perl'entage of the metals which, by the decay of the min- 
erals, mav” become a part of the sedimentary series, or which 
may be taken directly by percolating water and gathered 
into a vein. 

Metamorphic Rocks. — The third great group is classed as 
metamorphic. Originally these were supposed to mark an 
early stage in the history of the earth, possibly the original 
crust of the earth, and for some this may still be true, since 
they lie benoatli the oldest known sedimentary strata, and 
when these were formed had their present character. They 
are the oldest known locks, but to a.>siimc that they actually 
are the oldest is going faither than tlu* facts warrant. Of 
late years, studies of tliese metamorpliic districts have tended 
to withdraw from the old Azoic or Arcliean group many 
areas which were formerly supposed to be of this age. It 
is found that both sedimentary and igneous rocks may 1x3 
made to lo-^o tlieir characters and become metamorphosed. 
This may happen by contact with large masses of plutonic 
igneous rocks, as well as in the centre of mountain chains, 
where the strata liave been folded and crushed. The first 
is called contact; the second, regional metamorphism. As a 
result of this change, it happens that strata of much younger 
age than the true Archeaii may have very nearly the struc- 
ture of the Archean series. Parts of the New England hills, 
long classed as Archean, are now known to be of much later 
age. Whether the real Archean rocks owe their structure 
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to the same cause, or whether the resemblance is one of 
coincidence, we arc hardly in the i)osition at present to state, 
although the tendency of the recent studies is toward the 
belief that they are the same in cause as w(ill as in character. 

There is a wonderful variety of structure in the meta- 
morphic series. It might be said that every consolidated 
sedimentary layer is more or less metamorphosed. There is 
every gradation from the incoherent accumulation of coral 
debris to limestone and marble^ from sandstone to its meta- 
morphic representative quartzite^ and from clay shale to its 
representative among the mctamorphics, alate and pliyllite. 
These, in turn, grade into crystalline rocks so greatly meta- 
morphosed that the original eonditioji cannot be determined. 
Leaving out of consideration these three groups wliich can 
be easily traced to their source, the crj stalline mctamorphics 
may be divide(i in general into two grr)nps — r/neisses and 
schists. A cr}'stalline structure, often neai’ly as marked as 
in igneous rocks, is a common feature of these two groups, 
and they are alike also in the possession of schistose structure. 
In the schists proper, it is ])resent in sucli a mark^^d degree 
that the rock cleaves with facility in a given dircctic , while 
in the massive gneisses it is present only as a banding of 
some of the minerals, so tljat they frequently resemble very 
closely a granite. Other distinctions than that of schistosity 
are difficult to maintain, although it is common to find in 
schists a greater predominance of mica. 

A great number of .adhvaricties of these metamorphics are 
known. We have, for instance, quartz schists, amphibole 
schists, mica schists, chlorite schists, hornblende gnei^ocs, 
augite gneisses, and a large number of others ; but in all the 
foliated structure is the uniform and general feature. The 
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minerals are arranged in bands,* in strings, or, in some cases, 
simply with their major axes oriented in parallelism, and 
this gives the gneissic structure. Shales and slates are 
found passing over to clilorite schists, conglomerates and 
granites to gneisses or mica schists, and in all cases the 
direction of the schistose structure is at riglit angles to the 
direction c* ^ the pressure which is causing the metainoriihism. 

Upon a study of the rock it is found that there are several 
ways in which this gneissic or schistose structure may orig- 
inate. It may be the result of the crushing of the com- 
ponent minerals and tlieir arrangement in parallel bands ; 
or it may be due to the stretching of some of the minerals 
which are so nearly plastic that they do not crush ; or, finally 
and most commonly, it may be due to the development of 
new minerals, the result of heat, pressure, and attendant con- 
ditions. These facts may be verified by obserAation and 
study, and in man}- cases it is possible also to observe the 
cause for the metamorphism, as, for instance, when the strata 
occur ill the core of a mountain chain. Both the igneous 
and sedimentary series furnish the material upon which 
metamorphism acts, and it is found that the same kind of 
metamorphic may be produced from sources as opposite in 
character as igneous and sedimentary rocks. This result, 
which at first thought seems an anomaly, is easily under- 
stood when we consider that a conglomerate may have the 
same chemical composition as a granite, or a shale as a 
diorite. Metaraorphism takes account of material available 
rather than the particular form of this material, — of the 
chemical rather "than the structural features. 

While it is iiossible that the old Archean series maf/ rep- 
resent the original cTust of the earth, either in its original 
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condition or else altered by mctamorpliism, yet, since the 
same kinds of metamorphics are known to be produced by 
simple and easily studied and compj‘elieiided changes in 
known rocks, it is natural that one sliould be skeptical of 
an explanation which lias for its support merely hypothesis. 
It seems probalde that tlie great mass of Ai-chean sti ata will 
be found to be inetaniorpliosed sediments and eruptives, just 
as many similar but more recent gneisses and schists arc 
known to be, although so far all efforts to prove this have 
been futile. 

Geological Age of Rocks. — In a study of the rocks and 
their relations one to another, it is necessary to have some- 
thing iiioie upon which to base our studies than their mere 
chemical and physical characters. It is desirable to be able 
to refer to them according to age, and to diffei’entiate 
between a shale lormed in the first ages of the earth’s history 
and one formed in more recent periods. It was at one time 
thought that such a elassitication in general was possible 
upon a mineralogical basis; but mon' extended studies have 
shown that there is no uniformity of this sort, bu^ that in 
any age strata of the same mineralogical compoSi. ni are 
liable to be formed. 

Age of Meiainorphic /{ocH, — Is at ui ally the basis for a 
classification of rocks according to age must be a study of 
their relations one to another in the field. If one sedimen- 
tary layer is found resting on anothc’’, it seems prolndfie that 
the lower layer is the older. In the case of eruptives and 
metamorphics this is not necessarily so. The bedding of a 
metamorphic rock may be mere schistosity of secondary ori- 
gin, and hence of no value in determining the relative age 
of the layers. In the true Archean rocks a certain time- 
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classification has been made out in places ; but it is of local 
value only, and so far no valid grounds for extending it have 
been found. Tliis much is known, however, that a certain por- 
tion of the metam Orphic seiies, the greater part apparently, 
belongs to the lowest and oldest geological period. So far as 
we know no fossils exist tliere, no sedimentary layers are 
found a'uohg them, and all known sedimentary and fossil- 
bearing strata are of later origin. 

Age of Eruptive Itocka. — With eruptive rocks, we are in 
no way better able to construct a chronology. Locally, it is 
possible in most cases to determine the relative age of 
associated eru[)tives, or of the erupted rock, and the 
one through which it passes ; but this cannot be extended 
beyond the locality where it is observed, because in any 
part of the earth's crust, or in any period, any kind of an 
igneous magma may have been erupted. Still, if the igneous 
mass cuts a certain other rock, it is the later of the two, and 
so far we have a chronology ; but only a hundred years ago, 
a dike may have cut an Archean series, and to-day we would 
be unable to tell whether it were a hundred yeai*s old, or 
many ages. Sometimes, by a careful study of a region, it is 
possible to determine quite accurately the age of an igneous 
mass. Thus in the eastern United States great dikes of an 
igneous rock, diabase, are found cutting tlie strata of all ages 
from the earliest down to the time of the Triassic period, but 
nowliere crossing the later layers. Tlie age of these lavas is, 
therefore, Triassic. At times, an igneous rock is in such 
a position in the stratified series that one is unalde to tell 
whether it was formed at the same time as these, or later; 
that is, whether it flowed out as an extrusive lava sheet, 
while the sedimeijts were being formed, or whether it 



ROCKS OF THE EARTIl’s CRUST. 


43 


were later intruded between the layers. If intruded, it may 
follow the bedding planes very closely, though it may cut 
from one layer to anotlier, which would not he the case 
if extruded. An intruded sheet would siiow the eflect of 
heat at both the upper and lower contact, and would be 
liable to intrude dikes into the overlying layer. An extruded 
lavg. would not produce these effects, but the sedimentary 
layer above would probably contain fragments of the lava. 
These are about the only means of determining the age 
of an eru[)tivc, although it may be added that if a rock is 
coarsely ciystalline and granitic, it is usually old, for such 
masses arc intruded into the earth at considerable depths, and 
are not rcvcvd. d until tic oNcrlying layeus are removed, which 
is usually a slow process. In very hioli mountain regions, 
where erosion is rapid, and in the ease of thick lava flows, 
there are exce])tIous to this rule, so that it is only of very 
general application. 

Age of Sedhnentan/ Rocks. — There is a much more satis- 
factory chronology for the sedimentaiy strata, the rocks which, 
so far as revealed, jiiedominate in the I'arth’s crust, although 
in years we can make no estimate at an approximai g the 
truth. By the folding of the mountains in Pennsj Ivania, 
and by the erosion of the streams uhicli have breached them, 
there are found to be revealed not far froiji 40,000 feet of 
sedimentary strata, one layer upon another. These were all 
deposited in water, and appaiently under the same laws 
which govern the accumulation of sedimentaiy deposits to- 
day. This must have represented a vast lapse of time, yet 
there are represented here less than one-half of the total 
thickness of the geological column from die Archeaii to the 
present. Evidently this period of time must be estimated in 
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millions of years, but how many it is impossible to say, and 
those who have hazarded guesses have made estimates 
ranging from ten to several hundred millions of years. 
There are no facts upon which to base such an estimate, 
because the conditions are too variable, and our knowledge 
of them entirely too obscure. 

Knovin^, however, that one la3^er is above another, and is 
hence later, we have a valuable local indication of relative 
age and, as far as a given stratum, or a group of strata, can 
be traced, the chronology is correct. But it is possible to 
extend this chronology even bej'ond the limits possible by 
directly tracing a given series of laj^ers, for it is found that 
in these sedimentary strata there are fossils, relics of animal 
and plant life of the time when the rocks were formed. The 
fauna and flora of the world to-day are marked by a general 
uniformity of character, certain groups of animals and plants 
predominating, which give character to tlie life of the period 
as compared with those wliich preceded. Assuming tliat 
this has been the case in the past (and this is more than a 
mere assumption, for it is verified by a study of the fossils), 
an examination of the fossil contents gives us a cluonology 
which, in its broadest features, is of world-wide application. 
Before a certain series of rocks was deposited, there were no 
vertebrated animals, then fishes appeared, then reptiles, and 
mammals, and birds. If, now, in a certain stratum the petri- 
fied bone of a bird is found, it can be affirmed definitel}^ that 
this stratum belongs to a period later than the time of 
appearance of the first birds. A knowledge of the exact 
species of tile bird might even indicate the exact period. 
Certainly, this, taken together with a knowledge of other 
fossils from the same bed, would furnish a means of identifi- 
cation of this bed as a part of a general group. 
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The knowledge upon which our ability to make these 
determinations is based has been slowly acquired by a long 
and careful study of many different fields, and, as far as the 
general groups are concerned, it is a safe statement to make 
that ordinarily a knowledge of the fossil contents will serve to 
place a certain stratum in its proper position in the geological 
time-scale. This study has proved that there has been a 
development, an evolution of forms, from simple to more 
complex, and that, in each succeeding age, the prevailing 
types of life are progressively higher. In some places, the 
divisional line between two ages is indefinite and difficult to 
draw, but generally it is sufficiently well defined for the 
purposes cf division. New types seem, at times, to have 
developed rapidly, and to have displaced the older types, in 
a period of time so brief that the gradation is not marked. 
Yet, in various i»arts of the earth, every gradation, generally 
speaking, is found. The division into ages is usually based, 
however, upon fields wliere no gradation exists, but where 
the dividing line is sharp, and these plai*es are generally 
regions where for a time sedimentation was interrupted. 
That is to say, a region of marine deposit was t^ irTormed 
to diy land for a period of sufficient duration to * iinit of 
the development of new typ^s, and then a submergence 
brought these animals into the conditiim of fossils in beds 
above the earlier ones ^ (h ig- f )• Having been demonstrated 
for such a place, the observation can be extended to other 
areas. 

For the minor details of the geological time-scale, the 
classification is less satisfactory. Just as at present the 
fauna of Australia is widely different ‘'^ om that of Amv^^ica, 
so in the past, contemporaneous deposits, even when not far 
1 This is known as an unconformity. 
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removed geographically, may have entombed widely different 
species. While the presence of certain types of mammals, 
chiefly man, would serve to indicate the general contem- 
poraneity of the deposits of Australia and America, it is 
quite unlikely that, from a study of the fossils alone, the 
two* deposits, of exactly the same age, would be placed in 
the same minor subdivision in the scale. Recognizing this, 
geologists rarely attempt to correlate the subdivisions of an 
age in different regions, but confine their use to local areas. 



Fro. 1. — Unconformity. The iiiclinerl strnta were deposited and tilted before 
the horizontal strata were laid down. Bt‘iwet;n the time of deposit of the 
tilted strata and that of the horizontal, several geological ages may have 
elapsed. 

Thus the term Silurian is used in all countries, but the sub- 
division Niagara* is a local New York term, and indicates a 
part of the Silurian, whose position in the New York column 
is perfectly definite, and whose fauna is practically uniform. 
How far such a term can be extended, even on the same 
continent, depends upon a variety of circumstances, but, 
generally speaking, its use is local. 

The stratified rocks are divided, according to these 
features, into a chronological series of large divisions of a 
general nature, and subdivisions of local nature. In the 
table which follows, the American terms are given, and no 
attempt is made to correlate ^these with their probable equiv- 
alents in other countries. 
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1 There is a tendency in homo (hrortioiis to Mil.slituic ihe term ricistoccnc fm Quaternary. 

*The tTiiited Stages (ieolo^Mcal ^ur\ev .ulopts the term Neocene to iiieliide the riiocene 
and Miocene. 

« In Europe, the subdivisions of tlio Tertiary are particularlN Avell marked, and a fourth 
division, Oligocone, Is rccopnlzed as oocurrinp between the Eocene and MiO(‘ene. 

*The term Newark is now used bv the rnilod States (looloifioal Survey to inclu.'o the 
strata of the eastern atates, «Ulch «.-re formerly railed sio Tl.o .Turasslc and iriasslc 

periods are not well devolojied m America. 

(For continuation of notes, see following page.) 
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The above table gives the best recognized names for the 
most prominent members of the geological column. Minor 
subdivisions are introduced only in the case of the New York 
Devonian and Silurian. Each period contains many minor 
subdivisions based upon local studies, and, in the Cj*etaceous, 
for instance, the names for the minor subdivisions of the 
Atlant*^ Coast series differ from those of the central 
western states, and these in tuni are different from the 
names applied to the (hetaceoiis strata of the Pacific coast. 
The subdivisions are tlicjefore of local value only, and will 
be learned by a study (d‘ localities. 

Disturbance of the Rocks. — While in places the surface of 
the earth is composed of sedimentary rocks in orderly suc- 
cession, one above another, and in a very neaily horizontal 
position, there ai*e large areas where they lie in very much 
disturbed positions. The earth is ai)parontly losing heat 
and, in consequence, contracting, the outer crust endeavour- 
ing to accommodate itself to the constantly decreasing size 
of the interior. It is, consequently, wrinkling very much as 
an apple wrinkles by the loss of water as it dries. Speaking 
broadly, and without entering into the discussion of the 
various theories, tliis seems best to account for the con- 
tinental and mountain folds of the eartirs crust. 


6 Some of the minor rlf\isions or opoohs of the Dovoni.in and Siliiiian arc introduced hero, 
because tlie\ arc \^ell de\ loptd and well worked out in New Y«»ik stale 

® In Enfrl.ind, the tnr i Oido\iclari is ns4*d as the oqll^^aU•nt of l.ower Silurian, and the imnie 
Silurian isconlined to tlu npptrdiMMon, but tlii*) has not been tjenenillv ado])led in this country 
^ This division (»f the Cainbiian is moro perfectly developed In Kuiopu than in the United 
Stares 

® This didiion of the pro-Cambrian rocks is based on tlie Lake Siij)orior re^jlon, wheie these 
strata arc better evoo^ed and more tully studied tlian in un\ other part of the country. Tlio 
Archoan ineludcs tlA>Be rock-i whuh show no sl^jn of clastic oii;?ln, and have no Indications 
of organic remainb. Algoiikian include.s the atiata between the true Archeaii and the true 
Cambrian. They show signs of scdiTnciiiary origin, and, when more curefhlly <‘xploro<l, may 
yield fossils The rocks are distinctly older than the ('ambriiin, and also markedly younger 
than the An h(an, whuh iiia> be In pait the original crust of the earth. 
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As a result of tliis i)rocess, portions of the land are rising, 
others sinking, with lefereiice to the datum-plane of sea- 
level. It is because of these clianges tliat the great thickness 
of sedimentary rocks is possible. Of the -10,000 feet of such 
strata in the Peniisylvania column, the greater number are 
rocks formed not far from the shoi’e lines. Such a \.ist 
accumulation under such conditions proves a long -continued 
sinking of the sea-bottom at tliis jioiiit. The fact of the 
existence of these marine rocks at present above sea-level 
points conclusively to a subsequent uplieaval. A study of 
the region has jiroved that, from the Cambrian to the close 
of the Carboniferous period, the sea-bottom sank ; then 
followed an vhvation, '^nd since that peiiod this elevation 
has been maintained and even added to, although the actual 
elevation has been reduced by the long-continued erosion to 
which the area 1 as been subjected. 

Such changes in relative position oi land and sea are 
among the most eommon idienomena with which the geologist 
has to deal. Not only have they taken place in the jiast, but, 
even at the present time, they arc being registered along 
the coast lines, as slow movements of .lie land, j'. t as in 
the past. The jiresence of peat bogs and submergec. forests 
beneath sea-level, and of beadies and wave-cut cUffs above 
the present shore line, is reccuded on m;iuy coasts; and if 
more evidence is needed, it is necessary to state merely that, 
on the coast of Sweden, man himself has lecorded the pres- 
ence and amount of these changes by actual observations 
upon fixed bench-marks. 

At times the land is bodily uplifted, forming plains or 
plateaus, according to the amount of jlift. In such cases, 
although elevated above sea-level, the rocks retain their 
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original liorizontality. If the uplift is unequal, tlio rocks 
may break along a given plane, and upon one side move 
higher than on the other, forming a faulty — a dislocation of 
the rocks accompanied by differential movement. The 
fault plane may be vertical, or it may dip, or liade^ one way 
or 'the other. Tlie side which is the higher is called the 
%ipt1irow side, that which is lower the downthrow^ without 
regard to which side has actually moved. A fault in which 
the hade is toward the downthrow is called a normal fault 
(Fig. 2); where toward the upthrow, a reverse fault (Fig. 2), 
and here a vertical shaft will pierce the same stratum twice, 



Fig. 2 — Cross-sectioii showint; normal fault (X), >ortical fault (Y), and reverse 
fault (A*). ABf dounthrow , Ji(\ lateral throw. 


once on each side of the fault plane. Where the fault plane 
is nearly horizontal, or nearly parallel to the bedding, it is 
called an overthrust faulty because by tliis means earlier 
strata may be thrust over upon later strata. When the 
horizontal direction of a fault plane is in the direction of 
the dip of the strata, tlie fault is a dip fault ; when at right 
angles to this, a strike fault (Fig. 3). 

Folding of strata is even more common than faulting, for 
even the mist rigid of rocks may l)end when the pressure 
of the overlying rocks is suflicient to prevent them from 
breaking. A simple upfold of the rocks is an anticline 
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(Fig. 3) ; a downward fold is a syncline (Fig. 3) ; and a 
single rise, followed hy a horizontal or nearly horizontal 
condition of the strata, is a monoclme. The direction in 
which the rocks pitch into the earth is Lhe clip^ and the 
angle of dip is the angle made by this plane with the 
horizontal. The strike is a horizontal line at right angles to 
the dip and in the ^jlane of the dip, or the strike is the 
horizontal direction of the outcropping stratum. Folding of 
rocks in mountains may be of one or all of these simple 
types, or it may be complicated by faulting, or the folding 
itself may be extremely complex. At times the rocks are 



Fig. 3. —Section 8ho»’ in" anticlinal (.1) and synclinal folds (/?), overturned 
folds ((/\ and a strike fault (/>). 1-2, dii-'^ctiou of dip. 


folded so far that they become overturned, in which case 
older strata appear to lie upon younger, and a careful study 
is necessary to detect the cause. The folds themselves may 
be folded, and all of these complication.') added to he in- 
trusion of igneous rocks, the metamorphism of sediiiiciitary 
strata, and the subsequent erosion of the area, give 5 to us an 
extremely complex maze of rocks. It is in such places that 
mines are commonly located.^ 

^ This brief statement of such goolo"ical facts and principle- as seem 
absoln.tely neccssiir\ for c coinprchonsion of the elements of economic 
geology might be advantageously sup]>lemented by a thorough course in 
geology. The reader is referred to (leikie\s Text-Book of Geology^ Geikie’s 
Class-Book of Geology, Jukes- Browne’s Physkn^ Geology, Dana’s J/'* - •fal 
of Geology, or Le Conte’s Elements of Geology, k* a complete presentation 
of the subject. 



CHAPTER III. 


PHYSICAL GEOGRAPHY AND GEOLOGY OF THE UNITED 

STATES. 

There are five geogra2)hical zones in the United States : 
(1) the southern coasLil plains; (2) the moiintdins of the 
eastern states ; (3) the inland jdains and plateaus of the 
central western and southern states ; (4) the Lake Superior 
hilly region, a southern extension of the Canadian Higlilands; 
(5) the Cordilleran region, ineluding tlie Rockies, Sigrra 
Nevadas, and Coa^t ranges, Avith their enclosed plateaus and 
basins. These are capable of much more minute subdivision, 
but this will serve as a general clashiiieation upon which to 
base the summary vhich folloAVs. 

Coastal Plains. — There are several distinct parts to this 
area, all of which, however, are marked by the possession of 
tlie general fea'tures of a plain extending inward from the 
coast line, and composed of recent strata. The Quaternary 
Coastal Plains^ or coastal plains proper, a subdivision of 
this general region, are the most recent additions to this 
country ; being, in fact, old sea-bottoms, so recently elevated 
above sea-level tliat in many places the fossils entombed in 
their strata are the same as the living specdcs in the neigh- 
bouring ocean. The rocks here are horizontal, or nearly so, 
and consist of the usual materials formed along slioro lines. 
Sandstones clays, and conglomerates predominate, and while 
in some places the strata are partly or completely consoli- 
dated, for the most part they are still incoherent deposits. 
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Their origin has been partly from the action of waves upon 
the old shore line, partly from river deposits assorted and 
distributed by the oceanic waves and currents. Just such 
a deposit is being formed near the shoie in these same 
regions at present. 

The coastal jdains, which exist in New Jersey as a narrow 
strip and are not found north of this state, increase in size 
toward the south, until in Texas they have a width, in places, 
of from forty to fifty miles. It is proper to include ]|ere, 
also, the delta and lower flood plains of the Mississippi, which 
are in part the elevated deposits of this river, formed in a 
great estuary, in part the flood plain deposits of the river 
formed the elevation of the region. In topography, 

these plains are extremely simple. Where they attain their 
best development, in Texas, they are exceedingly young, so 
young, in fact, that a perfect system of drainage has not yet 
been established upon them. There is a monotonous stretch 
of dead level plain, relieved only here and there, where some 
stream, extending out from the interior, has sunk its channel 
to a slight depth in tlie strata, and furnished a drainage 
sufficient for the growth of trees. TlcuWeen the ^rcaras 
there are flat-topped divides, swami)y, and occupie».i by a 
growth of un nutritious swamp grass, because undi ained. A 
few small streams have begun lo develop in the areas between 
the extended streams, but as yet very little progress has been 
made. Skirting this jdain on the seaward side is a strip of 
varying width, in which new land is l)eing made. Bars are 
being thrown across the river mouths by the combined action 
of tides, waves, and winds; lagoons are being formed, and 
these are being filled with sediment i. d by the growth of 
marsh vegetation. 
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This region is at present of very little economic impor- 
tance, for the reason that it is inaccessible. What stores 
of clay there may be below the surface, or what local deposits 
of iron, or even of lignite, where streams have brought down 
vegetable matter, can only be conjectured by a comparison 
with the similar deposits formed in the age immediately pre- 
ceding this*, end at present existing in the region immediately 
to the landAvard. At lu’esent the only economic products in 
the^^egion are the sands along tlie shore. 

Florida Flams. — Florida, which forms a part of the 
general region under consideration, is a unique geographic 
unit. It is a region of Tertiary, essentially calcareous rocks 
built upon a submarine bank whose origin is not clear. 
Being situated in the warmer waters, coral growth was 
possible ; and in this respect it differs from the other por- 
tions of the coastal plains, where the ocean water was 
freshened and clouded with sediment by the influx of river 
water. As Florida was, at the time of its construction, 
practically unaffected by land water, so also to-day we find 
no land, streams extending across it. The drainage is that 
of newly developed streams, and the short time that they 
have been in possession of the land, together with other 
causes, has prevented them from draining the peninsula 
perfectly, and, consequently, immense swamps and shallow 
lakes exist as a feature of this geographic form. Since 
the streams of the Florida region are practically sediment- 
free, coral growth is still possible upon the shore and upon 
the off-lying banks, so that, by this means, added to the 
influence of the mangrove tree, which grows with its roots 
in the salt water, the coast of Florida is growing outward. 

Tertiary Coastal Plains. — While the coral beds of the 
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Florida peninsula were being developed, the coast line of 
the southeastern states was some distance farther inland 
than at present. This condition did not exist in New 
England, excepting in the off-lying islands ; but from New 
York, southward to the Rio Grande, tlie land was lower, 
and, in general, the submergence increased to the south- 
ward. The submerged strip in Texas reached inland nearly 
as far as Austin, the present lower course of the Rio Grande 
was a great estuary, and an extensive embaymeiit ext^^ied 
well up the valley of the Mississippi. Apparently the 
coastal conditions were not unlike those at present pre- 
vailing, and the deposits arc just what we know to be 
forming aiu'ig the piesent shore line. These strata have 
been uplifted without folding or extensive faulting, but are 
inclined gently seaward, giving a slight tilting with an in- 
creasing elevation inwai’d. 

Cretaceous Coastal Plains, — In the immediately preceding 
period, the Cretaceous, the geography of the country was 
vastly different from the present, the Rocky Mountains not 
having then been formed, and their ai'ea being, in large 
part, occupied by oceanic water. The tar west was parated 
from the east by an arm of the ocean, and in all these areas 
of water Cretaceous deposits were formed. There is no 
genetic difference between the plains formed in the west 
and those which are found skirting the eastern base of 
the Appalachians, but it w’ill be necessary to divide these 
two areas and include the 1 exas Cretaceous with the other 
central and southern plains, and for the present consider 
only the Cretaceous de^^osits east of the Mississippi. The 
eastern coast line was still lower than in the Tertiary, which 
followed, and coastal plains were formed, remnants of which 
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are still found skirting the inner margin of the Tertiary 
Coastal Plains at Martha’s Viiie3"ard, Long Island, in parts 
of eastern New Jersey, in central Alabama, and north- 
eastern Mississippi, as well as elsewhere along this line. 
They are, for the most part, scarcely more disturbed, though 
slightly more consolidated than the Tertiary. 

In thesCs Tertiary and Cretaceous plains, the clays are 
usually still plastic, and the sands frequently only partially 
coi^lidated ; but the coral rocks of the Florida region are 
more indurated, because calcareous rocks are easily consoli- 
dated by the action of percolating water. This series of rocks 
is prolific in certain classes of economic deposits. The clays 
of the Cretaceous and Tertiary in New Jersey and elsewhere, 
and the phosphate deposits of tlie Soutli Carolina and 
Florida districts, are of primaiy importance ; and in Texas 
there are extensive beds of lignite and of iron ore, while in 
Louisiana valuable salt deposits occur. 

Triassic Coastal Area. — Between these two plains and the 
mountains, there are two intermediate areas, one composed 
of the older Palaeozoic strata, forming the foot hills and the 
eastern plateaus of the Appalachians, the other an area of 
Triassic strata, which may be considered under the general 
division of the eastern plains, although, in reality, they 
belong to a type of their own. What the conditions were in 
Triassic times, it is not easy to say, nor can it be stated how 
extensive the Triassic deposits were. The strata existing at 
present are chiefly sandstones and conglomerates of shore 
line, or, as in the case of the Connecticut valley area, of 
estuarine origin. .ocal areas occur in the south; there is 
an extensive area in Pennsylvania and New Jersey, forming, 
in the latter state, the undulating plains between the High- 
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lands and the Cretaceous plains; and in the Connecticut 
valley there is an area extending from the Sound to the 
northern part of Massachusetts, narrowing toward the north, 
where, in the Triassic period, the head of a bay was situated. 

During Triassic times, and also shortly afterwards, there 
prevailed in the region under consideration a period of 
volcanic activity, the last one to which the region east of the 
Mississippi has been subjected. Great flows of lava were 
poured out upon the surface in the Connecticut valley^^nd 
New Jersey; and, both at this time and later, dikes of trap 
or diabase were intruded across the strata as well as between 
them. The peiiod of volcanic activity was widespread, and 
the chara^tr: the erupted material moderately uniform 

from North Carolina to Nova Scotia. Not only were tlie 
Triassic strata themselves cut by these traps, but all the 
older rocks in the neighbourhood Avere also traversed, even 
to a considerable distance from the Triassic. Witli the 
beginning of the Cretaceous age, these eruptions ceased. 
The trap hills near Patterson, New Jersey, the Palisades of 
the Hudson, East and West Rock at New Haven, the 
Hanging Hills of Meriden in Connecticut, and iVJ- Hol- 
yoke in Massachusetts, are all witnesses of this pei.od of 
vulcanism. 

Partly on account of the great age of the strata, partly as 
the result of the volcanic intrusions, and partly because the 
rocks have been subjected to folding and faulting, the sand- 
stone of Triassic age is compact and Avell consolidated. 
When the texture is even, and the colour reddish brown, 
owing to the presence of iron, the sandstone of this age is 
of value for a building-stone; and its iportance for this 
purpose is greatly incre.ased by its nearness to the market. 



58 ECONOMIC GEOLOGY OP THE UNITED STATES. 

There are also metalliferous deposits in the Triassic at the 
contact of the igneous rocks, but these are usually of but 
very little value. 

Mountains of the Eastern States. — This area is divisible 
into two important geographic units, the Appalachians and 
the older Archean mountains of New England, which also 
extend sc uthward, east of the Appalachians, and northward 
into Canada. 

The Eiutern Archean Motmtains. — This area is a region 
of hills and low mountains, worn down to their very core, 
and consisting of rocks chiefly of metaniorphic or of igneous 
origin, with here and there areas of Pahneozoic strata. The 
region has had an exceedingly complicated history. It, 
together with a large portion of eastern Canada, consists 
chiefly of Archean rocks which, before the beginning of the 
Palseozoic era, were folded into a scries of mountain folds 
of extremely complex structure and attitude, being even 
then composed of metaniorphic and igneous rocks of the 
same character as the strata which at present constitute 
their mass. Since then they have been again folded so as 
to in(5lude PaUeozoic rocks. This was a part of the land 
which furnished the sediment out of which the rocks of the 
Appalachians are constructed, and in this area must be 
included, not only much of eastern Canada and New Eng- 
land, but also the Adirondacks, the Highlands of New 
Jersey, and the low Archean hills east of the Appalachians 
in Pennsylvania, Maryland, and the more southern states. 

The exact history of this area cannot be presented, but it 
is composed of distinctly igneous rocks (diorites, granites, 
syenites, etc.), and of metamorphic rocks, whose origin is 
Uncertain, but which may be, in part, altered sedimentary 
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strata. At the beginning of the Cambrian period, not only 
were these rocks much folded, faulted, and metamorphosed, 
but also they were much denuded. The old Cambrian shore 
line can still be traced in places, as in the Adirondacks and 
on the western margin of the New Jersey Highlands. A 
new period of mountain growth occurred during the Palteo- 
zoic, presumably at the time of the growth of ilw, A])23a- 
laehians, for all the rocks included in tliese mountains are 
included here also. Apjjarcntly the folding was more intense 
in New England than in the A2)pnlachians, since, by its 
action, the Paheozoic strata hav^e in ^daces been meta- 
morphosed almost beyond recognition, while in the Aj^pa- 
lachians !y.ive not lost their character. It is ^nobable 
also that the mountains weie higher here, and that igneous 
rocks were again intruded into the mountain cores, and in 
places caused to flow out upon the surface. Be this as it 
may, we have, in the New England area and the northern 
and southern continuations of it, an extensive mountain 
region worn down to its very core, and revealing to us rocks 
which are apparently as old as any on the earth’s surface. 

Owing to its complex history and sl.i<:cture, tlun* is, in 
this region, a great diversity of economic de2)osits. riiere 
occur here great areas of gianite, C/f marble end slate, 
deposits of iron, and, in small (Quantities, Q'^actically all the 
metallifei’ous deposits. For reasons to l)e suggested later, 
the metalliferous minerals are not generally accumulated 
here in great abundance. 

Appalachian Mountain Region. — The AQ)2)alachians prof)er 
are folded rocks of Pahnozoic age. No later strata are in- 
cluded, because the mountains had 2)raci ally ceased‘growing 
when these were deposited ; and no earlier rocks are found 
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in the Appalachians proper, because erosio?i has not been 
carried to a sufficient depth to reveal the underlying plat- 
form, excepting to the east, where the Palaeozoic strata were 
perhaps thinner and the mountains higher. Both to the 
north and the south the folds of the Appalachians die out, 
and on the western side they become lower, and finally 
merge into the plateau of the central states. 

In these mountains, the topograj)hy is dependent upon the 
rock structure. The strata liave been thrown into great 
waves or folds, sometimes sharp, sometimes broad, and usually 
pitching in the direction of their axes, which are nearly 
parallel to the trend of the mountains. The rocks are 
alternating sedimentary strata, with varying hardness and 
with a variable dip, usually at a considerable angle to the 
east or the west. Owing to the long continued erosion to 
which these mountains liave been subjected since tlie close 
of the Carboniferous, the variations in hardness have had a 
marked influence in determining the topographic features. 
Where hard sandstone or conglomerate beds outcrop there 
are hills ; and the Valleys arc usually located in the lime- 
stone^ belts, although some streams flow directly across the 
strike of the strata, and cut at right angles both the hard 
and the soft layers. The hills are linear, with their axes 
parallel to the mountain folds, and they often follow the 
irregularities of the outcropping strata, as these turn in 
passing from one fold to another. 

This district furnishes us with much building-stone, slate, 
marble, iron, petroleum, nearly all the anthracite, and much 
of the bituminovi^ coal of the country, as well as many other 
valuable materials in smaller quantities. The importance of 
mountainous districts, as producers of valuable ores, is due 
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chiefly to the fact that the rocks are folded, so that erosion 
reveals a great variety of strata, and tliat in mountains the 
conditions wliich favour the accumulation of such deposits 
are present; namely, the formation of cavities and the 
presence of eruptive rocks. The Appalachians are sur- 
prisingly free from eruptive rocks, while faults and cavities 
are much less frequent there than in tlie Rocky Mountains, 
so that the greater importance of tlie latter region as a 
producer of metals is easily understood. Jt is possible that 
the old New England mountains, at the time of their greatest 
development, simulated more closely the Rocky Mountains 
than do their smaller neighbours the Appalachians. 

Central r^^ins. — Vc^y nearly one-half of the country is 
included in tliis area. Commencing at the western margin 
of the Appalacliiatjs, where the rocks cease to he thrown into 
waves or folds, there is a series of 2)lateaus and jdains 
extending westward to the base of the Rocky Mountains and 
southward to the Gulf of Mexico. Ah’cady those jHWtions 
of the i^lains which form the marginal and coastal areas 
of the east have been described. The jiortion which remains 
consists of Cretaceous and Paljcozoie sudta chiefly, f^ioiigh 
in Nebraska and vicinity the rocks were formed in a great 
inland sea of Tertiary age. Considering the area ttS a whole, 
the strata are very nearly horizontal, and the country a plain 
scored and eroded to a greater or less degree in different 
places, so that at times its character as a plain is almost 
destroyed. 

The geology is by no means as sim^^lc as might be inferred 
from this statement. At different points, rocks of nearly 
all ages outcrop at the surface, and the ^wesent condition is 
the culmination of a complex history of elevation and sub- 
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mergence. The essential features of the entire region are the 
almost complete absence of igneous rocks, and the fact that 
tlie strata have been uplifted witliout marked disturbance. 
These statements must, liowever, be qualified, since in several 
places the strata are disturbed and igneous rocks are present. 
There is a broad gentle fold, in Ohio and the neighbouring 
states, kno\vn as tlie Cincinnati arch. In Missouri, a knob of 
igneous ruck projects through the Pahuozoic strata at Pilot 
Knob. A large area in Indian Territory and Arkansas has 
been extensively folded and subjected to igneous intrusion ; 
and the same is true of a smaller region in Central Texas, 
northwest of Austin. The Black Hills also form an igneous 
and folded area in the midst of the plains, and there are 
other similar areas elsewhere. Some of these disturbed 
regions, as those of the Black Hills and Indian Territory, are 
actual disturbances in the plains ; but others, as Pilot Knob, 
are islands of pre-Paloeozoic age. These regions, though 
^considerable in number, are small in extent when compared 
with the plains as a whole. Properly, tliey should be con- 
sidered separately; but, in this generalized statement, they 
need only be mentioned as disturbances in the great area of 
almost universally horizontal rocks. 

These strata, being practically undisturbed by folding, 
faulting, or volcanic intrusion, are not such as would be 
expected to 3deld up large stores of metallic wealth, yet much 
zinc and lead and some iron come from this area, while salt, 
gypsum, coal, petroleum, and gas, are found in great quan- 
tities in various jiarts of the region. The major part of the 
rocks are well-tx>nsolidated limestones, sandstones, and shales, 
so that in this area there is an almost inexhaustible supply 
of the non-crystalline building-stones. 
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Lake Superior Region. — In nortlioi n Michigan, Wisconsin, 
and Minnesota, there is a region of metamorphic rocks, a 
southern extension of the Canadian series, wliich, like those 
of New England, have liad an extremely complicated his- 
tory. Hero there is a central core of complex Archean sur- 
rounded by later rocks, among which ai’c late Arcliean, 
Algonkian, and Cambrian strata. This has been a moun- 
tainous region ; but, unlike New England, it has not been 
subjected to intense Paheozou* folding, altliough since the 
first period of mountain-building theie has been considerable 
folding and faulting, accompanied by the intiusion and 
extrusion of igneous rocks. It is now a hilly region, much 
less mou^itcUj.Mjii^- than New England, but, like this province, 
is an old mountain worn down to its roots. From here 
are obtained immense quantities of copper and iron, and 
in this area there are large stores of building-stones. 

Cordilleran Region.^ — Toward the close of the Cretaceous 
there existed, in the area now occupied by the Cordilleras, a* 
great sea with archipelagos, and perhaps even continuous 
masses of land, composed of older rucks. An exten dve dis- 
turbance of the strata, which has not yet ceased, ’ then 
initiated. Tliis disturbance extended from Alaska to 
southern South America, and, although in })laces me moun- 
tains are still growing, the distuiliance has now passed its 
maximum, and is declining. In the course of its develop- 
ment the roeks were extensively faubed and folded, igneous 
rocks were intruded into the strata, and numerous volcanoes 
poured out floods of lava and quantities of volcanic ash 

^ Only for the purpose of a goiuTal stiitement i such a comprehensive 
term be allowed, a'his is in reality a yery complex province, composed of 
several geographic units. 
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upon the surface, while during all this time erosion was at 
work attempting to wear away that which was elevated. 
The present Cordilleras have resulted from this complex 
interaction of forces. 

All ages of strata, from the Archean to the Pleistocene, 
are included in this region, and very nearly every variety of 
rock is foniid there. By the folding, cliains and ranges were 
built, and valleys formed between them, some of these being 
great basins and extensive plateaus. At first many of these 
valleys, including parts of the Great Basin, were partially 
enclosed seas, and finally lakes with an outflow to the sea ; 
but, as the enclosing mountains grew higher and the climatic 
conditions changed, these became transformed into interior 
basin lakes, then salt lakes, and in many cases they eventu- 
ally became completely desiccated. The deposits of these 
seas and lakes were in part incorporated in the later moun- 
tain folds, but the most recent of them still remain hori- 
zontal strata of gravels and clays, foi’ining great flats 
between the mountains, often with no drainage to the sea. 

In this region {here exists very nearly every economic 
product of the earth’s crust. There is probably no region 
of similar extent in the world where such a variety and 
abundance of mineral wealth is stored. Already in develop- 
ment it exceeds any other portion of the earth in the output 
of many metals, and its resources are only partly understood. 
The more valuable and better known substances only have 
been discovered, and of these there undoubtedly remain 
many yet to be found. There is, also, in this province a 
vast store of n.ineral wealtK^iiown to exist, but at present 
undeveloped on account of inaccessibility and remoteness 
from the market. Among these may be mentioned building 
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and ornamental stones, clays, gypsum, salt, coal, and iron. 
The metals, sucli as gold, silver, lead, and coi)per, which 
are of sufficient value for transportation come chiefly from 
this region, and their output is incieasing every year. 
Nature seems to have conspired to produce liere the proper 
conditions for the accumulation of a great- variety of valuable 
minerals in great abundance; and what would otherwise 
have been an uninviting and sparsely populated ipgion has 
become, in consequence of this prodigality of nature, a well- 
populated region. 


Summarized Geological Hintory of the United States, 

This in general states the geological features of tlie several 
provinces of the country. The history of its development 
may be inferred fj’om this statement, but it seems well to 
supplement it by pointing out tlie main steps of tliis evolu- 
tion; to put in a summarized form the sum of our knowledge 
of the geological evolution of the country as a whole and of 
the grander geographic features. 

What the condition of the country \\ti& during th 'arliest 
geological ages is only obscurely understood ; but since that 
time the history becomes progressi\ ely more char. That 
there was land, however, is shown by the fact that sedi- 
mentary rocks were formed. It is evident that there were 
land areas in the eastern seaboard states, in Canada, the 
Lake Suj)erior pi'ovince, and in parts of the Cordilleras ; but 
how extensive, or exactly where they were, cannot be stated. 
Besides these there were probiiUv other Archcan land areas, 
now destroyed, and buried bcn^mi the ..der strata. 

In Canada, and in some of the seaboard states, such as 
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New Jersey, the Arcliean seems to be divisible into two dis- 
tinct groups of rocks, an older and a younger, the latter 
being derived from the former; and in places there is some 
ground for a still further subdivision. There is no part of 
the Archean in the country which is better understood than 
that of the Lake Superior province. Here there is a central 
core of Archean of great complexity, an old mountainous 
land aitia, from which were derived immense quantities of 
sedimentary material of pre-Cambrian age, which, although 
since then greatly folded and faulted, is still much less dis- 
turbed than any area of similar age in this country, so that 
its true and original composition can still be determined. 
It is, therefore, of great value as an indication of the condi- 
tions of that period. From a study of these rocks it is found 
that, as in inMiy areas of more recent strata, both sedimen- 
tary and eruptive rocks occur, that a vast lapse of time was 
occupied in their formation, and that during this time moun- 
tain-folding and other orographic changes wei’e in progress. 
Probably the history of this region was not distinctly unlike 
that of other Arcliean areas less easily studied. 

At the close of the Archean, there were many land and 
probably mountainous regions in the country. There was a 
very large area extending from Labrador to Lake Superior, 
and thence northwestward toward the Arctic, besides certain 
areas in this country, as mentioned above. At present, the 
rocks of Archean age outcrop where they have been uncov- 
ered from beneath later strata, or perhaps, in places, as in 
some parts of Canada, where they have never been buried. 
Where they aD now foupd we know that they existed ; but 
how far they extended, anS^ow many extensive areas of 
former land are now buried beneath the ocean, or beneath 
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later rocks, will probably never be known. The Archean 
rocks were highly metamorphosed in most places even in 
pre-Palseozoic times, though they have undoubtedly under- 
gone some changes since then; and into these strata granitic 
and other igneous rocks were intruded in Arcliean as well 
as in later periods. 

Around the margins of this land Cambrian sediments were 
accumulated. Such places show tliat sliore lines existed not 
far from the seaboard of New England and also on the west- 
ern side of the New Jersey highlands, indicating an island 
of considerable linear extent extending southwards from 
New England. A shore line skirted a part of the Adiron- 
dacks; ".nd Ih'^'re were shore lines on the southern margin 
of the Lake Superior Archcan region, in Texas, and in 
parts of the Cordilleras. The probable geogiaphic condi- 
tions, indicated by these shore lines, were a series of islands, 
mountainous and genei’ally linear, marking, in a veiy rough 
way, the merest outlines of the develoi)ing continent. The 
backbone of the Laurentian highlands in Canada was the 
most prominent land area ; and linear islands or groups of 
islands extended along the eastern coast and in e Cor- 
dilleras, their greatest length being, in general, parallel to 
the present mountains of tliesc two regions. Probably other 
islands existed, and perhaps the extent oi the islands just 
described was really much greater than has been stated. It 
is an interesting fact that the present valley of the St. Law- 
rence was then a strait between New England and the 
Laurentian Arcliean land areas, tlie valley being thus early 
indicated. It is also worthy of notOj^that the present valiey 
of the Mississippi was a sea payl^^ enclcocd on three sides, as 
at present, and that the eastern and western enclosing areas 
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sketched, roughly, the present though much later-£ormed 
mountains. 

During the remcainder of Palaeozoic times, — that is, until 
the close of the Carboniferous, — the event of chief impor- 
tance was the accumulation of vast quantities of sediment in 
the seas surrounding these land areas and furnished from 
their dcdi^iction by weathering and erosion. There must 
have been a slow and long-continued subsidence of the sea 
and a long-continued and vast destruction of the land areas. 
The sediment was furnished to the sea, where now the Appa- 
lachians exist, from a land area which probably extended 
seaward beyond the present eastern coast line. In the Cor- 
dilleras the events are less well determined. 

Toward the close of the Paheozoic, much of the region of the 
Appalachians and of the central states became shallow water 
and marshy land, upon which the coal vegetation flourished ; 
and the same is probably true of some parts of the Cordilleras. 
Immediately following this came the great revolution which 
culminated in the formation of the Appalachians and the 
elevation of the central states above sea-level, — an eleva- 
tion which has been maintained since then, with occasional 
oscillations, but continuous elevation above the sea. The 
Jura-Trias ages w'ere of little importance in the evolution 
of the eastern part of the continent, although some changes 
took place in the Appalachian district, the most important 
being an increased elevation accompanying the volcanic out- 
bursts which caused the traps of the Palisades, the Connect- 
icut valley, and elsewhere. In the west, however, this 
period was m:irked by t^e growth of the Sierra Nevadas and 
the addition of much land ^ that part of the continent. 

At the beginning of the Cretaceous the outline of the 
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continent was tolerably well determined, and only finishing 
touches were necessary to eomidete its i^reseiit form. The 
Pacific bathed the base of the Sierms, the Coast Range not 
then being formed ; and along the eastern margin of the con- 
tinent the ocean covered the eastern part of all the states 
from New Jersey to Georgia. Florida, Uie greater part of 
Alabama, Texas, and Arkansas were beneath the ocean, and 
an arm of the sea extended northward, along the line of the 
Rocky Mountains and the states east of them, beyond the 
coniines of this countiy. Islands existed in this mediter- 
ranean sea, in Texas, Arkansas, Indian Territory, Dakota, 
and probably elsewhere, while in tlie Sierras arms of the 
ocean fo^m^^d cjtuaries, or in some cases hnd been shut in to 
form lacustrine basins. The country east of the Mississippi 
was nearly completed, excepting for the addition of the 
coastal plains; but the western region was yet to be per- 
fected. 

During the Cretaceous iieriod sediment accumulated in 
these inland seas and along the continent margin ; and at 
its close the great inland sea was transformed to a dry land 
area with many lakes. The Coast Range was l then 
formed, nor were the Rocky IMountains more than begun. 
To the eastern coast a slight addition was made, but the 
Tertiary plains were yet unforiyed, and the Gulf of Mexico 
extended as an arm of the sea up tlie valley of the Missis- 
sippi for a considerable distance. 

During the Tertiary period the Coast Range was devel- 
oped, and vast floods of lava were poured out upon the 
surface. The Rocky Mountains were also formed then, 
and by these mountain-foldings great lakes were caused, 
partly in the Cordilleras, partly on the eastern margin. In 
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the Rockies also vast quantities of lava were erupted, and 
this period of volcanic activit}’^ is only just now, within recent 
geological times, brought to a close. Tlie great Cordilleran 
lakes existed even into the Quaternary period, but most 
of them have been drained, while some were destroyed 
bj^ mountain-folding and the lake sediments built into the 
mountair^. Even now, liowever, some of the lacustrine 
basins exist as interior basins, although because of the 
aridity of the climate, tlioy are not now occupied by water. 
The Great Salt Lake is a shrunken remnant of such a lake 
in a great basin. 

By the close of the Tertiary period the southern and east- 
ern coast was nearly completed, tliough in Quaternary 
times a slight addition has been made, particularly in the 
south. Two notable areas have been added to this coast, 
one the delta and flood plain of the Mississippi, the other 
the Florida Peninsula. Both of these areas, which form a 
part of the coastal plains, were foimed partly by material 
deposited and partly by the elevation of the land. 

At the close of the Tertiary period the land, in the north 
at least, was considerably higher than at present, and during 
the immediately succeeding period, the Pleistocene, the 
northern part of the continent, as far south as New York 
and Cincinnati, was coverec^by an ice sheet which has some- 
what modified the ^topography and the drainage, partly by 
its erosive effect, but chiefly by means of the detritus which 
it has left scattered over the surface. This period, like all 
which preceded, has had its effect upon the economic 
resources of t’ e country. It has given to us many of the 
brick clays, it has changed the character of the soil, often 
disastrously, and it* has given us the lakes and waterfalls 



PHYSICAL GEOGRAPHY AND GEOLOGY. 


71 


which abound north of the southern margin of the glacial 

drift. Accompanying its presence there was a subsidence of 

the land in the north, which has traiisfoimed pre-existing 

river valleys into the estuaries and harbours wliich have been 

so influential in giving the northern states such importance 
■ » 
in commerce. 

This is, briefly, and without entering into details or proofs, 
the general evolution of the continent. Its form was 
roughly sketched in the very earliest period and it has 
been slowly perfected, altliough undoubtedly many changes 
yet await it. No adequate mention has been made of the 
effect of erosion during all this time, but this is of prime 
inq)ortaiive. OhJ lands have been worn down and the ruins 
deposited in the water to afterwards be again built into land 
and perhaps again transformed into sediment. Erosion and 
sculpturing have been over-acting, and the present form of 
the continent is the resultant of the conflict between the two 
opposing forces ; the one tending to build up, the other to 
tear down. 



CHAPTER IV. 


ORIGIN OF ORE DEPOSITS. 

Original Condition, — Deposits of ore are accumulated 
under certain conditions which favour the gathering together 
of like kinds of mineials in concentrated form. It will be 
found, as the later pages are studied, that there are many 
diverse ways in which this accumulation is brought about, 
and that it is possible to offer a classification of ore deposits 
based upon origin. 

What the original condition of metals and metalliferous 
deposits may have been cannot be said. Theie are some 
who believe that the interior of the earth is, in pait at least, 
composed of unoxidized metals, and that the ores which we 
find in the rocks are, in reality, the form assumed by these 
elements when the^ reach the surface, and come under tlie 
influence of the surface conditions, where oxidizing com- 
binations are prevalent. Be this as it may, igneous rocks, 
which bear to the surface the substances existing below the 
surface, contain in their mass a greater or less propoi'tion of 
metals in mechanical or chemical combination. It requires 
no careful analysis, ^fer even a microscopic study, to detect 
iron and, frequently, manganese, in the form of their oxides, 
in these eruptive rocks. Sometimes, copper salts and other 
metalliferous crrapounds are present in sufficient quantities 
to be detected by the eye. Analyses have for a long time 
sljLOwn that rarer metals are present in small quantities in 
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many eruptive rocks ; and very careful analyses of certain 
rocks, made for the purpose of determining the point, have 
shown that rare and precious metals arc present. They seem 
to be more prevalent in the complex basic bisilieates, such 
as augite and hornblende, and hence the basic rocks (diorites, 
diabases, etc.) are more prolific producers of these mefals 
than are the acid rocks. 

It is to Sandbergei’ ^ that we owe tlie first proof of these 
facts, although his experiments have been repeated and 
extended by otheis. Previous to the time of his observa- 
tions, analyses of rocks had not revealed any but the more 
common metals ; but by separating the olivine, hornblende, 
mica, et?., analyzi^^g these, he proved the existence of 
iron, nickel, copper, lead, zinc, tin, cobalt, and other metals. 
Since this study, nearly all metals have been found in the 
common minerals in appreciable quantities. Nearly all lithia 
micas contain tin ; muscovite, Jilthough poor in other metcals, 
usually contains copper ; and black micas carry many metals. 
Sandberger also found the disseminated metals in slates, and 
he proved also that the veinstones might all be derived from 
the common rocks ; foi even fluorine L found in ca and 
barium in feldspar, while the other necessary elem^^iits are 
common enough. 

Sedimentary strata, being ail formed from material either 
directly or indirectly derived from igi^us rocks, naturally 
contain these metals also, and the same holds true for meta- 
morphic rocks. In other words, metals arc disseminated 
through all rocks, being much more prevalent in some than 
in others,* but generally being in such small quantities that 
only very careful anal3^ses serve to pro > their presence. 

' Sandberger, Untersuchungen ilher Erzgdnge, 
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Removal of Original Ores. — In order to bring these metals 
into concentrated form, some agent is necessary to act as a 
carrier, and this agent is usually the ever-present water. 
All rocks contain water. In the quarry, it is shown by 
the loss of weight Avlien the quarried block is exposed to 
the* dry air ; in the volcano, its presence is proved by the 
clouds of ‘^team which rise from the lava stream, and the 
vesicles and cavities which it causes in the lava by its 
expansion. This water was partly built into the rocks when 
they were formed; ^J^it partly, probably chiefly, it comes 
from the surface. During every rain, a part of the fall 
flows off as surface water; a considerable portion creeps 
through the soil and reappears in springs ; but a small 
portion starts on an underground journey, during which it 
often penetrates to great depths, traverses hard and soft 
rocks alike, and is ever present as interstitial water in the 
microscopic crevices in the rocks. 

Cold water, free fi’om impurities, has little solvent power 
except for the most soluble minerals, such as salt, gypsum, 
or caloite; but very *little of the underground water is pure. 
As it passes through the soil and the surface coating of 
vegetable matter, certain acids and gases are absorbed. 
These give to the Avater an increased solvent power, and as 
it descends it may eventually become so strongly acid, or so 
alkaline, that even iJie most insoluble substances are taken 
into solution. The ^mperature of the earth progressively 
increases as the depth is increased, and hence Avater at con- 
siderable depths attains a temperature often high above the 
boiling-point, so that its power as a solvent is vastly in- 
creased. Even ocean water carries in solution small quan- 
tities of gold, silver, and most other metals, and it is probable 
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that, under conditions of great heat, the percolating water of 
the earth becomes a solvent of as great power as many of our 
acids and alkalies. Its effect is expressed not alone by the 
material carried in solution and subsequently concentrated, 
but also, in many places, by alterations of tlie rock-forming 
minerals by the extraction of certain parts, or the addition of 
others. This form of change sometimes results in the com- 
plete destruction of one mineral and the formation of another. 

Origin of Cavities. — Granting, as we must, that the im- 
prisoned water of the earth bears ore in solution in many 
cases, there remains to be considered the more difficult 
subject of the manner in which tliis ore is concentrated. 
Many of tuc ores occur in cavities wlane they have been 
deposited from solution. Sometimes these cavities are only 
partly filled ; at times they arc comj)leteIy filled ; and it is 
not uncommorly the case that the (‘avities are not only filled 
but enlarged, the force which causes the mineral to be 
deposited being so great that the walls of the cavity are 
spread apart by the growing deposit. 

Joint Planes (Plate II.). — The most numerou*" cavities 
are those formed by joint planes, cracks extending a oss the 
rocks in given directions and breaking them into blocks 
without any sensible motion or disphu ement. Joint planes 
are of two kinds, — incipient, or those whose presence is 
shown only when weathering develop them, and normal 
joint planes, which, even without the aid of weatheving, are 
present as dividing jdanes in the rocks. They are of the 
same origin apparently, and differ merely in the amount of 
development. In igneous rocks there are joints of coohng, 
the result of contraction by the loss Ojl heat. The basaltic 
columns and the concentric, nearly horizontal joint planes of 
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granite are illustrations of these. Sedimentary rocks are 
crossed by joints of contiaction, due, peihaps, to the loss of 
water; for when these locks arc formed, a certain amount 
of water is built into their mass between the fiagments, and 
this may be lost, causing a consideiable contiaction, when 
the strata are raised above sea-level and drained by erosion. 
There is, aim, ill these rocks a possible contraction due to 
the loss of heat; but whether this is often sufficient to 
account for joint planes is a question. The most common 
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Fio. 4. —Horizontal strata crossed by an irregular fault line, ab, which upon 
faulting produces cavities as m Fig 4 a. 


cause of these divisional planes in sedimentary and meta- 
morphic rocks, and even in some igneous rocks, is contortion 
or folding, which causes stresses that are relieved by a frac- 
turing or jointing ; and hence all folded rocks arc crossed by 
joints. These are generally no<aily vertical; and two sets are 
comnnonly present, forming ihomboidal blocks, with angles 
frequently approaching the right angle and rarely very acute. 
Mineral veins are sometimes formed along these joints, which 

are channel-ways of easy passage for water ; and even where 

* ^ 

veins are absent, small deposits are frequently found. 
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Fault Planes. — During the folding of rocks there are 
often formed faults or dislocations wheie one side slips 
past the other. These faults, being of deep-seated oiigin, 
often extend to great de])ths, and seive as passage-ways to 
the surface for the heated wateis fiom below. If the 
fault plane were a perfectly straight lino, the cavity would 
not be very great; but most commonly the fracaure plane 
is irregular, and a series ol cavities are thus often pro- 
duced where two concave walls come to rest opposite 



Fio 4a. — The same as Fi^ 4, showing the result of faulting along an irregular 
fault plane, producing alternate raMties siid closed spa 

each other (Figs. 4 and 4 a). By the motion of tue rocks 
the uneven walls, i ubbing against e icli other, U \v off frag- 
ments, and produce in the vein a ciuslied substance, a fault 
breccia^ which is common wheie tMO piojecting parts of the 
vein are in contact. At times the faulting amounts to a(*tual 
crushing, and the locks aie veiy badly brocciated. Such a series 
of caviftes fuinish an easy channel foi the passage of watei. 

Solution Cavities. — Water, percolating through soluble 
rocks, such as limestone, dissolves ti v. minerals, and forms 
cavities or caves which may later be tilled with ore. Such 
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cavities are fornied independently in some regions, but very 
frequently they have their beginning in joint planes ; and in 
faulted regions the water, which later served to fill tlic vein 
with mineral, may at first have dissolved cavities in the 
enclosing rocks. 

'Minor Cavities, — Cavities exist in lava where there was a 
lack of s pply of material, or, more frequently, where super- 
heated water expands into steam, and produces a pumiceous 
or scoriaceous lava. So, also, in sedimentary rocks there 
may be original cavities (usually on a small scale) where 
there was a lack of material, or where some soluble portion 
may have been dissolved after tlie formation of the rock, 
as, for instance, in or around fossils. The contact of sedi- 
mentary and igneous rocks, or of two diverse series of 
strata, owing part^ to the difference in character of the two, 
and partly to the presence of minute cavities, is a plane of 
weakness, along wliich the underground water finds a pas- 
sage. Also the more porous rocks, sucli as sandstone, form 
channels, as is proved by tlie fact tliat artesian wells are 
found in such strata when bounded above and below by 
more impermeable layers. Besides these, there are numerous 
other cavities of small size and minor importance. 

Classification of Ore Deposits. — There have been many clas- 
sifications of ore deposits offered, and attempts liave been 
made to classify tliem upon eacli of the three following 
bases : (1) mineral contents, (2) form of deposit, (3) origin 
of deposit. The first, that based upon mineral contents, is 
far from satisfactory, since the ores of silver, copper, zinc, 
and many others are all found in the same form of deposit 
derived in the same manner. It is not scientific ; and yet in 
any economic study this must serve as a primary basis for 
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classification. An attempt to study ore deposits upon any 
other basis would involve much confusion, since it would be 
necessary to consider tlie veins of one class, as iron, for 
instance, then for the other metals in succession ; and the 
study of any one metal would be scattered throughout 
various chapters. Therefore, as the primary basis for our 
study, we must adopt the metal. The more scientific clas- 
sification would discard the above and consider the relation 
of the ore deposit to its surroundings ; for if we have a vein 
of a particular form and origin, whj" should it be important 
whether it is one of lead or of eo]3per, since both may be 
formed in the same way, and may even bo present in the 
same ve^n " 

The great majoiity of classifications, apart from the eco- 
nomic, have been based upon the form assumed by the 
deposit rather than upon the origin. Tliis, it seems, advances 
a matter of secondary imiiortance to the lirst rank, and in the 
classification wliicli is given here origin has been considered 
as of prime importance, and form of secondary importance.^ 
Carrying tliis scheme out to tlie end, and losing sight of 

^ Other classifications are discussed iii varuius hoiiks upon eo( 'uic geol- 
ogy and upon ore deposits, and ill not be coii'^idcred here. Some of the 
subdivisions in this selieiiie arc taken fioin Whitney’s classification, ■which 
is most currently accepted in this 'n)uiiti>, and i^ hy tar the best of 
any based upon the form of the deposit. The classihcation here given h.id 
been used for two )ears by the author in the class lu econouiic geology at 
Cornell University before his attention was called to the fact that a similar 
classification was in use at the Houghton IMiiiing School in Mi''‘iiigan. Its 
author, Dr. M. E. W.idswoith, published this classification in the early pait 
of 1893 (Report of Michigan State Boaid of Goologic.il Survey for 1891-92, 
p. 144. It was previously publi'^hcd in the C.italogue of the Michigan Min- 
ing School at Houghton), and so far as it coie les with this classifico-iiOn 
Dr. Wadsworth has priority, both of use and jinolication, although in the 
two cases the scheme was originated independently. 
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the economic bearing, the character of the ore itself would 
be considered as of third importance. 

The following is the classification based primarily upon 
origin and secondarily upon form: ^ — 


I. 

II. 


Eruptive J Disseminated, 
t {b) Massive. 

Mechanical (Sediinontary) . 


(a) Precipitated. 

r i. 

1 

(i) True veins 

ii. 

iii. 


iv. 


Chamber deposits, 
(iash veins. 
Fissure veins. 

Ore channels. 


III. Chemical 


(r) Replacement. 
(</) Impregnation, 
(c) Concretionary. 
(/) Segregated. 

(g) Contact | 


By sublimation. 
By concentration. 


I. Eruptive Deposits. — Already the eruptive deposits of 
original disseminated nature have been described, and it has 
been stated tliat nearly all eruptive rocks contain ores in 


1 This classification mii'ht be much more minutely subdivided, but this 
seems hardly necessary for our purpose. Various classifications of ore 
deposits will bo found in the following w^orks: Report of Michigan State 
Board of Geological Survey for 1801-92, p. 144; Davies, Metalliferous Min^ 
erals and Mining, p. 8 ; Phillips, Ore Deposits, p. 3 ; Whitney, Metallic 
Wealth of the United States, p. 34 ; Newberry, School of Mines Quarterly, 
1880, p. 337 ; Raymond, Mining Statistics for 1870, p. 448 ; Pumpelly, John- 
son’s Cyclopedia, 1880, VI., p. 22; Geikie, Text-Book of Geology, p. \ 
Le Conte, American Journal of Science, Vol. XXVI., 1883, p. 17 ; Le Conte, 
Elements of Geology, p. 234 ; Emmons, U. S. Geol. Survey, Monograph, 
XII., p. 368. Classifications of ore deposits are also found in the German 
text-books of Voii-jCotta, Grimm, Serlo-Lottner, and Von Groddeck. Since 
this went to press a comparison of the various classifications has been 
published in Kemp’s valuable treatise on Ore Deposits of the United States, 
tp. 42-65. This author also presents a classification of his own. 
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greater or less quantities, though not in sufficient abundance 
to be classed as ore deposits without the intervention of 
some agent of concentration. The other subdivision of 
eruptive deposits, the massive, is almost c(|uallj unimpor- 
tant. There is no deposit of ore, known to be of eruptive 
origin, wliich is at present worked, although the deposit' of 
native iron in Greenland, occurring in a basalt, is-^ulliciently 
ricli to pay fdr extraction, provided its location was more 
favourable. This group may tlieipfore be dismissed, its only 
importance being as a source of metalliferous substances for 
concentration under other conditions. 

II. Mschanical Deposits (Figs. 16 and 17). — When a 
rock co^'*iu‘ ling metals is disintegrated by weathering, the 
products of disintegration go off, parti} in solution, partly 
as mechanical sediment. It is chiefly in this manner that 
disseminated deposits become introduced into sedimentary 
rocks. Usually metalliferous minerais are easily decom- 
posed, and frequent]}, as a result of their decomposition, 
soluble salts are produced, or a very fine powder of hydrated 
and oxidized ore, which may be disseminated through fine- 
grained rocks. When, however, tlu mineral is compara- 
tively indestructible, as in the case of gold, platn um, and 
oxide of tin, it outlasts inany of the other minerals of the 
disintegrating rock, and ma} become concentrated. Where 
the chemical durability is combined with mechanical strength, 
as in gold, which is not brittle and not easily worn down, 
this concentration is favoured; but under ordinary circum- 
stances this would hardly attain economic importance, were 
it not for the high specific gravity of some of this class of 
minerals. Gold, for instance, is dis jmiiiated through cer- 
tain rocks, but in such small quantities that by their mere 
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decay, without the assorting action of water, it would hardly 
be accumulated. Given, however, a rapid stream, the lighter 
minerals are carried off, while the heavy gold accumulates 
in pockets where the currents are less rapid. Such deposits 
are of the mechanical type, including not only the accumu- 
lations in stream gravels, but also those in talus deposits and 
those which more rarely accumulate along shore lines, where 
conditions are favourable. When the three metals, tin, plati- 
num, and gold, are excluded, this class of metalliferous 
deposits becomes unimportant. 

III. Chemical Deposits. — Tliis group of ore deposits in- 
cludes all which come into their place by chemical action, 
and in it are included the vast majority of metalliferous 
deposits. There are a number of ways in which this form 
of mineral concenti-ation is brought about, all of which, with 
the exception of some of the contact deposits, are caused by 
the intervention of water. 

(a) Precipitated Deposits, — Precipitated deposits, in the 
sense used here, include those which are formed by precipi- 
tation from solution, at the surface, when the liquid which 
carries the minerals loses its power to hold them, either as 
the result of the loss of some of its properties, or by the 
accession of some substance which causes a precipitation. 
The simplest illustration of this class of mineral deposits is 
that of bog iron ore, where water which has carried in solu- 
tion the hydrated sesquioxide of iron, obtained from the 
soil or the rocks, is, in the presence of certain vegetable 
acids, unable to maintain tlie solution, and the ore is precipi- 
tated frequently in a bog. Moderately extensive beds of 
impure iron are thus sometimes formed, and, being buried 
beneath other strata, .become truly bedded deposits (Fig. 5). 
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Practically the same class of deposit is formed about an iron 
spring, where the iron-beaiing water, rising from the eaith 
to the surface, loses some of its gases, and hence some of its 
power as a solvent, and is forced to deposit the iron about 
the spring. Apidied to non-melalliferous minerals, the pio- 
cess finds illustration in the stalactites of caverns and the 
siliceous sinter about liot springs. In some cases true veins 
illustrate very nearly the same principle ; but piobably other 



Fig. 5. — Bedded deposit of iron (a) 

causes enter, and group is so distinct in form and char- 
acter that they will not be classed here. 

(J) True VeiuH. — The teini true vtinn is heic yiven to 
those occupying pre-existing cavities where the lineral 
deposits have been placed by the agency of water. That 
percolating water is constantl} <ictive in its effoit lo fill cav- 
itics is shown by the study of fossils, such as Ammonites 
(shells allied to the chambered Nautilus of the present), 
where the chambers are filled with calcite, or silica, ^r even 
ores. The same is tviie of the gas cavities in lava flows, 
where geodes or amygdules ere formed fioin the wall of the 
cavity toward the centre. The term true vein applie^^ to 
such deposits is perhaps a trifle irregui.ir, although there is 
no genetic difference between deposits from water in small 
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cavities and those in the type of the true veins, — the exten- 
sive fissure veins. 

i. Chamber Depo^itf^ iff®* 21 and 23), or cave deposits, 
are closely allied to these small cavity deposits. Here the 
source of the mineral is usually local, often from the same 
stratum in whicli it is accumulated. The process is allied to 
segregatii n, excepting that a cavity furnishes a place for 
accumulation. On the otlier hand, some chamber deposits 
are so nearly allied to precipitated deposits that they might 
very well be classed in that group. Stalactites furnish 
instances of this form of accumulation, and in some of the 
chamber deposits true stalactites of ore are formed. 

ii. Cash Veins (Figs. 20 and 21) are comparatively rare 
and very local. The rock is cracked and spread apart, 
forming a local fissure, usually confined to one layer or 
stratum ; and in these, as in the chamber deposits, the 

supply of ore is evidently 
local. Both chamber de- 
posits and gash veins are 
illustrated in the lead-zinc 
mines of the Mississippi 
Valley. 

iii. Fissure Veins, — The 
type of fissure veins (Fig. 6) 



Fig. 6 . — Fault plane occupied by a vein 
— a true iissure vein. 


is perhaps the most common 
of all veins. The distin- 


guishing feature of such accumulations is that they occur in 
a fault or fissure in the earth. Such jFeins are frequently of 
great extent bvAh vertically and horizontally, but their width 
is relatively small. Usually the bounding walls are distinct, 
although sometimes they are crushed and penetrated by 
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the vein-forming mineral ; or the solid wall may be impreg- 
nated by the ore (as described below), either of which con- 
ditions tends to make the bounding wall indistinct. There is 
ill these veins evidence enough, in many cases, to prove that 
the mineral deposits came from water winch passed through 
the vein, apparently from below upwards. 'J'his evidence 
is present in the banding of the minerals forming tlie vein, 
the same minerals being found in succession on eacli side of 
the centre. That is, if quartz is found next to the country 
rock on one side, this mineral is found in the same position on 
the opposite side ; and if copper pyrite is found next to this 
on one side, it is present in the same position on the opposite 
side.^ Till. b.inding is often very complex, and at times the 
cavity is completely filled, vhile in other veins the process of 
deposition was interrupted before the filling wa*^ complete. 

It is possible to exjilain this process satisfa(*toiily by 
assuming that heated water, cither acidic or alkaline, was 
escaping from the heated jiarts of the earths crust toward 
the cooler suiface portions, and that as tlu) water rose it lost 
in heat, and perliaps also in its acid or alkaline contents, and 
hence in its power as a solvent. I)epv..daoii from ^ ' super- 
saturated solution might then be made necessary. Under 
uniform conditions of tempcraUire aujl foreign co^^tents there 
would be a uniformity of deposit at a gi^'cn place ; and in 
proceeding from below upwards there would be a progres- 
sive change in the character or amount of deposit. A slight 
change, either a loss or an accession of heat or of contained 
substances, would bring about a change in deposit at differ- 
ent parts of the vein. These changes might occur vertically 
at the same time as the water ascc^ ^cd and lost heat, or 


1 See Fig. 12, p. 98. 
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horizontally at differen’^||imes as the conditions at a given 
point changed. It is highly probable that some of the hot 
springs which are found in vaiious parts of the country are 
the points of escape of metalliferous-bearing waters which are 
at present engaged in the formation of mineral veins.^ 

There are certain peculiarities, found at times, not only in 
fissure ve ns, but in other mineral deposits as well, which 
call for a modification of this general statement. The verti- 
cal variations in the character of the ore are not always those 
wliich can be accounted for by the mere vertical change in the 
character of the ore-bearing solution, but in some cases these 
changes are appaieiitly due to the influence of the surround- 
ing rock. This has led to the theoi}" that mineral veins are, 
in some cases, either supplied with mineial, partly or wholly 
from the enclosing rock, by lateial &ecretion,2 or that by 
some electrical influence tlie character of the ore deposit is 
modified by the pie&eiice of some particular rock. It seems 
probable that both of these processes act, but that the chief 
cause of these mineial veins is the ascension of ore-bearing 
water from below and the deposition of the mineral without 
the intervention of these outside agents. 

iv. Ore Channels is a term given to those planes of weak- 
ness which exist between two seiies of rocks, either between 
two eruptive rocks, or an eiuptive and sedimentary or meta- 
morphic rock, or along the uneonformable contact of two 

1 A definite instance of this process is found at the Sulphur Bank Quick- 
silvei Mine in California (see chapter on Mercury). 

2 Sandberger’s experiments on the metallifcious contents of common rocks 
(described above, p 73) have given much support to the theory of lateral 
secretion These experiments have proved that these souices 7nat/ supply ore, 

. and have made it probable that they sometimes do , but the proofs are not 
sufficient to warrant the widespread application given the theory by some. 
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series of sedimentary strata. Theslur^planes furnish channel- 
ways for the comparatively easy escape of subterranean 
waters. The remarks made in speaking of the fissuie veins 
hold almost equally for these, excepting that the water is 
less liable to come from gieat depths, the channel- way is less 
distinct, and the influences which bring about deposit aie 
more apt to resemble those of the more superficial deposits, 
such as those in chambers. It must, however, be borne in 
mind that even at shallow depths the earth may be highly 
heated by the intrusion of igneous rocks, and hence a supply 
of heat be furnished to subterranean water channels of com- 
paratively superficial origin. 

(c) jtteptuctment Depobits. — Certain minerals seem par- 
ticularly liable to solution and replacement by a gradual 



molecular transfer, after the manner ot pctrifactioi f wood. 
Under the proper conditions, this ju’oeess may take place in 
any mineral ; but the mineral calcitt seems particularly sus- 
ceptible to the change. In the rocks, fossils are thus re- 
placed by a great variety of mincials (silica, iron, copper, 
and many others), one molecule benig dissolved bv the per- 
colating watei, whi^e another is put in its place, until the 
transfer is either complete, or is in some way interrupted. 
By this process of replacement entire beds of limestoii-* are 
sometimes dissolved away, and ojie ot die oxides of iron put 
in their place (Figs. 7 and 15). Other minerals are acted 
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upon in the same way, a||d pseudoniorphs — that is, a mineral 
of one kind with the form of another — are not uncommon 
in nature. 


a 



Fio. 8 — Impregnation of tin ore at 
East Hull Lovell in Cornwall, a, a, 
leader or dander. (After Phillips ) 


(ii) Impregnation Deposits 
(Fig. 8). — During the forma- 
tion of fissure veins, and indeed 
of other veins as well, it fre- 
quently happens that the ore- 
beaiing solutions enter the vein 
walls and impregnate them with 
metalliferous deposits. These 
aie at times replacements of 
pie-existing minerals, and at 
tinies the lesult of an accumula- 
tion of the foieign ore between 
the mineials of the country 
lock. Impregnation deposits, 
theiefoie, even in the same 
vein, may be of several kinds of 
01 igin : they may be concretion- 
aiy, or replacement, and their 
source may be fiom the solu- 
tions wdnch aie filling tlie veins, 
or pel haps they may even be 
the lesult of a lateial secietion 
from the country rock towaid 
the vein. They do not form 
important deposits by them- 
selves, but are usually a leaner 
part of a true mineral vein. 

A form of mineral deposit 
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known as Stockwerk possibly beloi%s here. It is found in 
the Cornwall district, and is typically a series of small rami- 
fying veins and iiTcgular bunches of ore, sometimes connected 
with fissure veins, but very frequently separate. 

(e) Concretionary Depoaiis (Fig. 9). — It is easy to under- 
stand how deposits of ore accumulate in gravels, and in what 
manner minerals are chemically piecipitated. Tlie 2)rocess 
of replacement is analogous to Avell-known phenomena, and 
the formation of mineral deposits in pre-existing cavities pre- 
sents no inexplicable phenomena, or, at least, we are able to 
form a conception of their method of origin ; but the two 



Fi(J. 9. — Concretions in strata (f, i ion-stone ( oin letions m bliale, < , flint con- 
cretions in limestone. 


groups of deposits included under the lieadiiigs concretionary 
and segregated are much less easily understood. 

A study of tlie chalk beds of England shows I hat there 
are nodules and layers of flint ^\hich have been 1 ned by 
the accumulation of silica, originally disseminated through 
the chalk, but now gathered together about a common 
centre, or along a common line or jdane, and a similar condi- 
tion exists in many beds of limestone. In slates, originally 
deposits of clay or fme-grained friigments of disintegrated 
rocks, it is not uncommon to lind crystals, and bunches of 
crystals, of iron pyrite, which have been formed by the 
gathering together of the sulphide of i^ on from the surrc^'cd- 
ing dense rock, and its concentration where there was no 
pre-existing cavity. The iron-bearing clay rocks frequently 
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contain concretions of limonite, or of hematite of the same 
origin. How does this happen ^ By what force are particles 
of like nature drawn together fiom a given aiea to a grow- 
ing concretion, forming a space for itself often in a compact 
rock^ These are questions which the author has never seen 
explained in a satisfactoiy manner. 

(/} Setjregated Deposits (Fig. 10). — If it is difficult to 
answer these questions in the case of concretions, it is still 



more difficult to answer them when asked about the forma- 
tion of the much more extensive segregated deposits. These 
occur most commonly as veins, often of considerable extent, 
though usually small and non-continuous, one beginning 
and fraying out, while anothci starts in the same general 
direction as if it were a nou-contiiiuous extension of the 
first. Sometimes they seem to have started in small cavities, 
or along planes of weakness; but with even greater fre- 
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queijcy, the entire space wliicli they occupy seems to have 
been formed by the growing accumulation. They are gener- 
ally parallel with the bedding or structural planes of the rock. 

Segregated deposits occur most commonly in mctamorphic 
rocks and, indeed, much of the metamori)hism of strata 
seems to consist in segregation. Starting, let us say, with a 
clay rock of complex composition, the resultant of the decay 
of feldspar and hornblende, pressure and heat begin to act, 
and this, with the aid of the enclosed water, commences an 
alteixition of the rock. Tlie old decayed mineials commence 
to assume a more permanent and definite chemical com- 
position and, indeed, to revert to their original composition. 
New feldspars and hoiablendes and iioii oxides are formed, 
and tliese different minerals by metamorphisni tend, in many 
cases, to arrange themscdvcs in bands which aie at right 
angles to the direction of jiressuie. Actual melting does 
not take place, the new minerals are slowly evolved, and, as 
they develop minerals of tlie same kind, tend to form in 
clusters ; in this case, in linear clusters. Tlius, bands of 
hornblende, of iron, and of feldspar are forme^b rarely 
strictly pure, but tending toward purity. 

How'' far segregation aecounth for ores it is difficult to say. 
Some ascribe to this process a very great impoitance, while 
others arc inclined tcr consider it of minor importance; and 
it is true that tlie evidence of segregation is often obscure. 
Nevertheless it is a cause, and an important ean«e, pai- 
ticularly in luetamorphic locks. In sedimentary strata, it 
rarely expresses itself in any other form than that of con- 
cretion, and in unmetamorphosed igneous rocks tlie tend^ ncy 
to segregate is shown in the banding ox minerals, and in the 
spherulitic concretions in lavas. 



92 


ECONOIMIC GEOLOGY OF THE UNITED STATES. 


When asked what segregation is, one can answer only that 
it is a force which causes like minerals to gather together, 
and is merely another form of concretion. We know that, 
b}" some form of attraction, molecules of a given substance 
will accumulate to form a mineral crystal, each i)article that 
can be drawn to the crystal being added to it. There is 
here certi nly some attractive force — “ chemical affinity.” 
In segregation, perliaps, the same force is at work. Its 
attractive power is strong, for it draws material from con- 
siderable distances; and, once started, its force seems to be 
increased until a neighbouring area is leached of all the 
desired mineral that is in a form admitting of transfer. 
Heated water seems to increase the tendency, and the initial 
presence of cavities appears frequently to give an opportunity 
for a beginning, though by no means is this a necessary 
starting-point. In true mineral veins, the same tendency of 
accumulation is sliown under more favourable circumstances 
of supply and opportunity. What the attractive force is 
cannot be told. It is a force, and it acts in the above man- 
ner, and we therefore have a name and a definition, wliich is 
perhaps as satisfactory as if we attempted to assign it to 
a place among some of the slightly understood forces of 
nature. It might be called an electro-clicmical process, as 
indeed it has been, and, in spite of denials, this seems still 
a not unreasonable explanation. 

(ff') Contact Depoaits (Fig. 11). — By the contact of igne- 
ous rocks, highly heated and molten, the surrounding layers 
may be markedly modified, particularly when large masses 
or bosses of igneous rocks are intruded at considerable 
depths. Such masses take many years, probfibly centuries, 
to cool, and during all this time they are tending to alter the 
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surrounding rocks, not alone by their heat, but chiefly by the 
aid of the aqueous vapour or superheated water, which is 
present in abundance in all lavas. A zone of contact meta- 
morphism is thus lu'oduccd, in whicli to a distance of many 
yards the surrounding rocks are often alteied past recog- 
nition, by the development of new mineials both from the 
material in the country rock and from the gasfis furnished 
by the lava. 

In such positions mineral deposits formed in several dif- 
ferent ways are not uncommon. By sublimation, as in the 



Fio. 11. — Contact deposits (a), between and in shale (1;), and diabase (c). 


case of mercury and sulphur, mineral deposit 3 may be 
formed at or near the contact as the icsult of coi* msation, 
from the gaseous condition of substances emanating from 
the igneous rock. More commonly the presence of the 
lava serves to concentrate minerals along the contact, partly 
from the igneous, partly from the cold enclosing rock, by a 
process of segregation. All depooits along the contact of 
igneous rocks must not, however, be considered as contact 
deposits ; for, by a subsequent process of segregation or con- 
centration, mineral veins may be formed along these f ' mes 
of weakness by the solution of the ore contained in the 
igneous or in the country rock and its deposition here. This 
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is the origin of a great many of the apparent contact 
deposits ; but, nevertheless, true contact veins, both of con- 
centration and sublimation origin, actually exist. 

Distribution of Ore Deposits. — It will be noticed in study- 
ing the distribution of ore deposits in any country that they 
are more common in certain parts of the region than in 
others, and this is the direct result of cause and effect. 
Omitting the mechanical deposits which may occur in any 
place where the supply of ore is sufficient and the condi- 
tions of weathering and deposition favourable, the precipitated 
deposits which may also occur anywhere, segregated and re- 
placement veins which are typical of metamorphic or the 
older sedimentary rocks, and the only important groups of 
mineral deposits lemaining are the true and contact veins 
which include by far the greater number of mineral deposits, 
if iron, manganese, and stream-gold are excluded. 

These two groups of metalliferous veins are associated in 
origin with either cavities or heat, or both combined. Geo- 
graphically they arQ associated most commonly with moun- 
tains, and usually with mountains of recent formation. The 
reason is apparent, for in such places there are numerous 
fractures and fault planes, and abundant volcanic and intru- 
sive igneous rocks, — in fact, all the conditions necessary for 
the formation of such deposits. Moreover, in high moun- 
tains erosion has penetrated to considerable depths, and 
hence has revealed to us more of the hidden stores of the 
earth’s crust. 

Geologically, in this country the mineral wealth is chiefly 
stored in the less ancient rocks ; that is, in post-Archean 
series, and in many cases in post-PalfCOzoic strata. This is 
due largely to the fact that these rocks form the greater part 
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of the recent mountains of the Cordilleras. One might con- 
sider it remarkable that the older strata, which have for a 
longer time been exj)osed to the action of subterranean water 
and other agents of change should be comparatively so unim- 
portant as mineral producers. There seem to be at least two 
probable causes for this. In the first place, the lower rocks 
being buried beneath a great thickness of overl5dng strata, 
when subjected to mountain-forming forces tend to fold 
rather than to break, while the less compressed layers nearer 
the surface become more fmetured. Fewer cavities, there- 
fore, exist in these older rocks. Besides this these deeply 
buried strata are subjected for long periods of time to a 
leaching ot percolating waters which escape toward the 
surface and deposit their dissolved mineral in the cavities of 
the overlying strata. They are robbed of their mineral con- 
tents for the benefit of the overlying lavers. If this be true, 
then in older mountains, such as those of New England, 
there may have formerly existed mineral deposits which have 
since been destroyed by erosion. The discrepancy between 
the Appalachians and Cordilleras is also, as has aln.ndy been 
stated, due to the conditions prevailing during their !■ nation. 
Thus the Appalachians seem to have been formed more by 
folding and less by faulting than the Rockies ; .and, also, the 
former were practically without volcanic activity, whereas 
in the Cordilleras volcanic conditions were marvellously 
developed. These differences seem sufficient to account for 
the marked difference in distribution of ore deposits in this 
and in other countries, showing the intimate relation which 
exists between geologic conditions and mineral wealth. 
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I^IINING TERMS AND METHODS.^ 

Mining T'^rms. — A mineral may be defined as an inorganic 
substance having theoretically a definite chemical composi- 
tion and frequently a definite geometric form. It is usually 
a combination of elements, though sometimes a single 
element, as gold, sulphur, etc. Miners use the term mineral 
as a synonym of ore, which is, according to the economic 
standpoint, a metal, usually miiieialized, occurring in sufiicieiit 
quantities and in such combinations as to be economically 
valuable. 

Elements are of two kinds, 7netah and ynetalloich^ though 
some have properties common to both groups, and the dis- 
tinction is much less sharp than was at one time supposed, 
before all the elemoiits were carefully studied. Tlie tyj)ical 
metal has certain definite characteristics, being basic rather 
than acid in its properties, having a considerable specific 
gravity and a metallic lustre. In the arts the metals serve 
different purposes, depending upon their ph 3 ’^sical characters, 
some being bright, beautiful, and not easily tarnished; some 

1 That part of this chapter which refers to mining methods is necessarily 
brief and generalized, and refers only to the more iinpoitaiit processes. 
There are text-books which give in detail information upon this subject; 
but the only way in which such knowledge is propt'rly obtained is by a study 
of the mines then -.elves. A good short account of mining terms and 
methods will be found in the last part of Davies, MetuUifvrous Minerals and 
Mining^ and other treatises are referred to in the list of books of reference 
ah the close of this work. ^ 
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having hardness, or ductility, or malleability, or a low or high 
melting-point, etc. The metals which wo know best, such as 
gold, silver, iron, copj)er, etc., arc, with the exception of iron, 
comparatively rare, while the most common metals, such 
as aluminum, calcium, magnesium, etc., are comparatively 
rare in the arts. Of the metalloids, oxygen, silicon, and 
carbon are the most common. 

As has already been stated, these elements combine in 
different proportions to produce miinuals, sonu* of \vliich are 
ores. In the mineral vein there ai-c not only ores, but also 
very frequently foreign minerals wliicdi make the veiuntove 
or ijangue^ a foreign, ineclianical mixture of minerals which 
are of uu economic \idue. Thus, not only are calcite and 
quartz considered to be gangue, but also such metalliferous 
minerals as iron pyrite, which have to be separated from the 
ore by mechanical processes. When min(‘rals combine to 
form a fixed and essi^ntial part of the earth's crust, a rock is 
formed, and these may result from crystallization by meta- 
morphism, or from solution, or from a molten condition, or 
they may be produced by the mc'chanical (lesti'uction of 
pre-existing rocks and the accumulation of the - ginents. 
Ordinarily the term rock is applied to a aolidijictt accumu- 
lation of minerals, but in realit> it should be made to include 
unsolidified deposits as well, since there is every gradation 
between the unsoliditied and solidified sometimes in the same 
bed. There is some difference of opinion as to the propriety 
of including veinstones under the term rock ; but it seems 
better to consider them as minerals, although miners some- 
times speak of the veinstone as vein -rock. 

A vein, as well as a rock, is saiu to outcrop where it 
appears at the surface in a natural exposure, — or wliere 
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it crops out. In California the outcrop of a vein is fre- 
quently called a ledge^ since the outcrops for which the 
prospectors of that region were most anxiously looking, 
being of hard quartz, formed a ledge. For the same reason, 
the term reef is used in Australia, this name being suggested, 
no doubt, by the resemblance to the coral reefs of that 
region, whii h pioject above the ocean. Instead of a ledge- 



Fia 12 —Section of mineral \ cm showiii" ribbon or banded structure and sym- 
metrical disposition of the various mineral bauds country rock, i?, 
fluccan, Cy comb stiiuture, 1, iron pyrite, 2, calcite, 3, qiiaitz, 4, mag- 
netite, 5, barite, 0, chalcopyrite , 7, galena, 8, quartz. 

like outcrop, it is more common for many mineral veins to 
be maiked by a depression caused by the weakness of the ore 
or the gangue, or both. In such cases the ore is often hidden 
and discovered by accident, though its position may be indi- 
cated by loose boulders, or by a stain or rust characteristic of 
the metal. The Cornish miner calls this gossan^ while in 
France and Genuany it is called the iron Tiat^ because of 
the characteristic iron stain. B'or a vein the term lode is some- 
times used meaning a deposit which the miners are following 

1 Char)pau de fer and eisener Hut 
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in the expectation of finding something valuable, — the deposit 
which is leading them, hence sometimes called a lead. 

In the vein, one of the most striking features, provided it 
is a true fissure vein, is the handed strurfare (Fig. 12), due 
to the regular arrangement of the vaiious layers on either 
side of the centre. At times 
the vein is completely filled ; 
but it is frequently the case 
that it is only partly filled, and 
the projecting points of the 
crystals last formed produce a 
serrated surface known as the 
comhsit acture ^Fig. 12 j. Fiag- 
ments of foreign lock, included 
in the vein, are called horses 
or riders (Fig. 13), and tliese 
are usually broken from the 
neighbouring or enclosing 
country rock or country (Fig. 

12 and 13), though sometimes 
they are included between 
two veins. The country lock 
is sometimes sharply defined, forming the vein ^call; and 
since nearly all veins are more or loss inclined, the two 
walls are called respectively hanyimj and foot tvalls (Fig. 
14), according as they are overhead or beneath ^he feet. 
Between the vein and the country rock there is fre- 
quently a clayey substance, clay sclvaye^ fluccan} or gouge 



Fig. 1“^ — Vein of blende and galena 
(.4) in a gangiie of qir iiid calcite 
{B)f iiiejiuliMg horses M of the 
couutiy rock ((') (Froi Davies.) 


^ Tliis, like many of our mining terms, is i ' irnisli name, for from this 
district we have obtained not only many of our mining methods, but also 
much of our mining nomenclature. 
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(Fig. 12), which is sometimes the result of decay, sometimes 
of faulting and crushing by a movement between the vein 
and wall. It is of value in mining, because it is easily 
removed, it enlarges the vein, gives a smooth fnm wall, and 
is, moreover, a good sign, since it is more common in fissure 
veins than elsewhere, and such veins arc more liable to be 
l)ermanei.b. JJy this subsequent movement in the vein the 
walls, and even the different parts of the vein, aie often 
polished and grooved or sUckenskled. A caieful study of 
slickensides frequently shows wheie to look for the continua- 
tion of a vein which has been lost by being moved out of 
position by a cross-fault. During the formation of the 
fissure in which the vein is located the country rock is some- 
times crushed and brecciated, and duiing the formation of 
the vein these fragments may be cemented by cither ganguc 
or ore. Subsequent movements may again open the vein, 
either causing a new fissure or crushing the a ein-rock to a 
breccia. 

The horizontal /lirection of the vein is called its strike^ or 
by miners very frequently the rxi7i or course. Veins rarely 
extend vertically into the ground, but generally dip or hade 
at a greater or less angle. In geology, the dip is measured 
in degrees from the hoiizontal; Imt in some mining districts 
it is measured fiom the vertical, the one lieing then the com- 
plement of the other. In some of the English districts this 
angle is called the underlie. Besides the dip there is some- 
times present a pitch,^ ^ term which refers to a dip of the 
entire vein or pocket in the direction of the strike. The 
relation of the ore to the surrounding rock, together with 
the stiike, dip, and position of the vein, is shown by means 
of vaiious plans and sections. A yeologieal map gives in 
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horizontal plan the various rocks which enclose the vein; 
and if it is desired to show the horizontal appearance of the 
vein, or of its tunnels at different depths, y round plans are 
made to show these features. Where it is desired to show 
the linear extent of the vein and of its tunnels, and the 
position of the shafts, a lonyitudinal section or plan is made 
parallel with the plane of the vein. A cross-section is one 
made at right angles to the strike of tlie vein, and shows its 
dip, the position of the enclosing walls, and also the position 
of the shafts and tunnels in the line of the section. The 
geological map and the cross-section sliow most clearly the 
geological structure, hut the ground plan and longitudinal 
section are the most valuable in showing the position and 
number of the tunnels. 

Variation in Veins. — During tlie process of mining there are 
often found to he variations in the character or position of the 
ore. Tlie vein varies in widtli, sivelluiy and pinchbu/^ sometimes 
by original irregularities, at times as the result of an actual 
squeezing in of certain parts of the vein, forming alternate 
pinches and swells. The walls roib the miners since 
tliey seem to form waves. Actual faulting may c off the 
vein, and the miner finds the ore ending abruptly against 
a wall of barren rock. These faults are sometimes of small 
extent, in which case the vein is readily ioiind again; hut in 
some cases valuable veins are completely lost. In a given 
district veins have a prevailingly uniform direction, fre- 
quently parallel to <he direction of the strike of the rocks 
or of the mountain range. Yet, on the other hand, they may 
be very irregular in direction, and in the same district two 
or more sets of veins may exist. In such eases the veins of 
one set are usually richer than those of another, and they 
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may be widely different in character, one set being perhaps 
barren of ore. These veins fiequently intersect, the older 
being crossed by the younger, and being displaced by the 
disturbance which formed tlie vein cavity. A great variety 
of confusing conditions are encountered by miners in con- 
sequence of these intersections of veins; but a careful study 
of the gC' logy of the district will usually aid in the solution 
of the problems tlius presented. On the other hand, veins 
are frequently lost l)y becoming gradually more and more 
barren, or sometimes by branching at either end, and thus 
becoming smaller and more difficult to work, and in these 
cases the ore is usually permanently lost. From the main 
vein branch-veins are frequently sent off, and these are called 
droppers ov feeders^ the latter name being given because they 
are supposed to furnish the vein material, though in reality 
these offshoots diminish the quantity of mineral in the vein. 

The ore often varies both in quantity and quality in 
different parts of the same vein. This variation may occur 
even in the same enclosing walls, or it may at times be 
dependent upon a change in the character of the country lock 
showing the influence of the enclosing rocks upon the vein 
material. The variation may amount to a complete change 
in the kind of ore as in the Przibram district of Bohemia, 
and in Cornwall, where the influence of the rock is very 
marked, the ore sometimes changing from copper to tin. 
Change in the character of the ore in a vein is, however, 
most commonly the result of an alteration due to the effect 
of weathering. Below a certain line in the earth there is 
permanent water, the rocks being saturated. This ivater line 
varies greatly in position according to the climate, being in 
some parts of the arid regions many hundred feet beneath 
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the surface. Above this line tlie minerals aic subjected to 
conditions of alternation from dry to moist, and conse- 
quently if they are not permanent combinations, to changes 
in character. Most ores arc .compaiatively unstable, and 
under these conditions aie altered in C()inj)osition. Thus 
galena, the sulphide of lead, becomes altered above the 
water line to the sulphate anglesite, and many sulphides 
become carbonates, or oxides, usually of hydrous varieties. 
Moreover, by the solvent power of tlie pei’colating water 
metallic salts may be dissolved and carried away leaving the 
ore above the water line more poious. The effect which 
these alterations have upon the richness ol the ore is very 
different undei different conditions. Thus the native gold 
of California is found enclosed in iioii p}iile in quartz rock, 
but by weathering the iron p}iite is leinoved, and it was 
supposed in the early days of the mining industry of Cali- 
fornia, that the gold became less abundant as the depth of 
the mine increased; but with the present methods the gold 
is easily extiactcd from the p\iite. On the other hand, 
instead of carrying aw a j' the gangue in solution, the perco- 
lating water may destroy the ori* and thus make le vein 
above the water line less rich. This, however, is often more 
than compensated for by the increased difficulty of mining 
or reducing the uiuveathered ore from below the waiter line. 
For different ores and gangnes and for different climates the 
conditions of weathering vary so that no general «^atement 
can be made, but e ich district may have a peculiarity of 
its own. 

Mining Methods. — In order to obt.bn a metal, ther^ are 
usually four processes w'hich must be used, — mining, dressing, 
concentration, and reduction. The iirst three processes are 
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mechanical, the fourth depends upon chemical reactions. 
In mining, the first step is naturally to find the vein, and 
for this, very different methods are in use in different parts 
of the world and for different kinds of ore. The Cornish 
miners speak of sliodiny^ shodes being fragments of veins 
increasing in size as their source is approached ; and shoding 
consists in tr icing these fragments to their source. American 
miners have invented for this process of ore-finding the term 
prospecting^ a 2 ^i*ospcctor being one who is in search of a 
prospect upon which to base future work. At the time of 
the development of the gold fields of California in the years 
succeeding 1848, a horde of jpeojjle of all classes turned 
prospectors, and even at present there are thousands of such 
peoj)le in the Cordilleran region, now, as then, for the most 
part barely eking out a living, though ever in hope of 
finding some prospect which shall yield them a fortune, 
as some of their numbers have already done, in some cases 
several times. 

The original prospector confined his attention to the 
streams, washing the gravels here and there, in search of 
placer deposits. When this field became fully occupied and 
less paying, the attention of many of the jirosj^ectors was 
turned to other deposits, and these men have, in many cases, 
developed a wonderful degree of skill in the detection of 
ore deposits, — a skill which the trained mining engineer 
may well covet. Tlicir methods consist chiefly in the api)li- 
cation of a wide experience, by which they are able to tell 
where not to look for ore, and what is the surface a^ipearance 
of various commcM metalliferous deposits. The characteristic 
rust of a metal, as the green of copper, or the yellow of lead, 
the crumbly, disintegrated appearance of the outcrop of an 
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ore, and the appearance of characteristic vein minerals, «all 
serve as guides. More scientific methods, which are some- 
times possible, the prospector does not usually possess ; but 
the vast majority of mines in the west have l)ceii discovered 
either by pure chance or by the application of tliese methods. 

Having found a surface indication of ore, tlie next step 
is to develop in order to see if there is a “sliow,’’ and if so, 
to give the property a market value. If the outcrop is not 
already fully revealed, enougli work is done to see in which 
direction tlie vein strikes ; and then, in order to test its 
extent, cross-ciUs are made at right angles to the strike, the 
earth being removed down to the bed rock until the vein is 
encountered, and this is continued at intervals of a few 
yards until the miner is (convinced of tlie probable direcjtion 
and extent of the vein. Since most of the newly discovei*ed 
ore deposits in the west are situated upon government land, 
the miner must then locale liis claim at a government land 
office, and then, within a specified time, do a suffichmt 
amount of work to become the absolute owner of the land. 
If the deposit is of much value, it is usually not long before 
others have located claims near by, and the whole region 
is crossed l)y these claims, often in such inextricable con- 
fusion that long-continued litigation I’esults, and the profits 
of the mining operations are divei-ted. 

Subsequent develoimient depends largely upon the local 
conditions, the character and position of the ore primarily, 
as well as the probable future of the mine. The immediate 
purposes, or even, in some cases, tlie permanent development, 
of the mine may be best served by opening the dejiosit as 
a pit or as a quarry, although the mo common method is 
to open a mine^ or a series of shafts and tunnels. In the 
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serious development of a mine, the most impoitant thing 
to be taken into consideration is drainage, and this gives 
to mind’s moie tiouble than any other single need. The 
simplest possible condition is to commence the mine upon a 



Fia 14 — Diagram showing usual method of exploiting a vein. F, vein or lode, 
if, hanging wall, i’, foot wall, i), intrusive diabase, Sh^ shale, S5', sand- 
stone, Cg, conglomerate, S, shaft, A, adit level, (7, C, C, cross-cuts 


valley side, and drain it into the valley, as the woik of 
development prr grosses, using the lowest tunnel for a 
drainage way. Where this is impossible, it is frequently 
found economical to extend a horizontal shafts tunnel^ drive^ 
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or adit level (Fig. 14), as it is variously called, to some 
neighbouring valley, and this is often done at an immense 
expense, the expenditure of years in construction, and the 
formation of a tunnel sometimes several miles in extent.^ 
When this is impossible or impracticable, pumping is 
resorted to, but this is an extremely expensive process in 
deep mines. 

When the vein is vertical, a shaft may be sunk in the vein 
and the material removed made to pay the expense of con- 
struction; but most veins are inclined, and then one of two 
things is possible, — either to work on the incline and hoist 
the ore on inclined tracks, or to construct a vertical shaft 
which sh'^ll ‘’'^ersect the vein at a considerable depth and be 
connected with it by a number of short horizontal tunnels; 
and in well-developed mines this is usually done. The width 
of the shafts and tunnels varies with the amount of work to 
be done. In working along the vein or lode, horizontal 
tunnels or “drifts” are made through which the ore is hauled 
to the shafts, where it is hoisted to the surface. Usually 
there is more than one shaft, often a number, connecting dif- 
ferent levels or drifts, these being used partly for ‘ oisting 
ore, partly for ventilation (“winzes”), which eveij well- 
developed mine must take into account. From the drifts 
and small shafts the ore is worked or “ stoped ” out, some- 
times by overhand, sometimes by underhand, sloping ; that 
is, from above or below. In this sto})ing, secondary drifts 
and partial shafts (“ mills ”) are constructed to facilitate the 
process of ore extraction. 

During the process of mining the lode is completely horey- 

^ The Sutro Tunnel of the Comstock Lode in Ne> ada is 20,489 feet in 
length, and meets the Lode at a depth of 1900 feet. Its cost was ^2,000,000. 
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combed by these various excavations.^ In old-fashioned or in 
poorly developed modern mines, the excavations are irregular 
and the tunnels rudely constructed, being confessedly tem- 
porary; and ^^hen one pait of the mine is worked out, ib is 
abandoned to its fate. Where better and more permanent 
methods are used, pillars of ore are left to support the roofs 
of the tui uels, and the shafts and tunnels are carefully tim- 
bered to j)revent collapse. For this purpose, not only is 
much valuable ore left behind, but often millions of dollars 
are expended in timbering, particularly in some of the larger 
mines of the Cordilleras, where timber is scarce and difficult 
to obtain. This timber is a danger in one respect, since it is 
liable to be burned and cause a temporary abandonment of 
the mine as well as great expense in rctimbering. During 
the development of the Comstock Lode, a novel difficulty 
was encountered which all large mines, extending to great 
depths into the earth, are liable to encounter in time. This 
is intense heat, which, in the Comstock, was encountered at 
a point unusually near the surface, owing, no doubt, to the 
proximity of heated rocks of igneous origin. Floods of hot 
water burst through the walls, and flooded the mine, heating 
the air so that work was well-nigh impossible. It was neces- 
sary to pump cold air into the galleries, and even then slight 
physical exertion was nearly impossible, so that eventually 
the lower tunnels of the mine had to be abandoned. 

Excepting for the general direction of operations, the 
process of mining in itself is purely mechanical. One fun- 
damental principle is followed, — to leave below as much of 

1 In 1880 there were more than one hundied and fifty miles of shafts and 
galleries in the Comstock Lode, and since then these have been somewhat 
Increased. 
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the gangue as is possible. Hence each miner directs his 
labours so as to avoid ban^en areas, and, wheie possible, to 
make them serve as supporting pillars. The ore is drilled, 
blasted, or picked, according to its nature ; and in selecting 
material to be sent to the surface, the fragments are roughly 
assorted in the mine in order to send out of the mine as little 
valueless mineral as need be. For transportation from the 
point of mining to the shaft, various methods are used, such 
as wheelbarrows, horse railroads, cable, gravity, or even, at 
present, electric roads. Having reached the shaft, it is 
hoisted to the surface by a method depending upon the scale 
of operations adopted in the mine, this varying from hand 
power to i] ''^ncity. 

The mines in Europe are frequently owned and operated 
by the government; but in this country they are in the 
hands of private owners, who usually direct all operations, 
although in some of the western mines a method of working 
known as the trilwte system is in operation. Certain parts 
of the vein, and at times the entire mine, are turned over to 
individual miners or groups of miners to develop on shares. 
This method is usually adopted in mineo where the mount 
of ore varies greatly, and where rich pockets occur in great 
areas of barren gangue, or in mines vhich have been aban- 
doned because of the average poverty of the deposit. It is 
probable that the average result of this system is far from 
profitable to the miner, but the element of chance and the 
possible riches which are sometimes won is a sufficient incen- 
tive to many miners to enter into the tribute system. The 
owners risk very little, but this system is usually bad fo. a 
mine, since the, tribute miners generah^ leave it in a bad 
condition, and not properly timbered or ventilated. 
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Concentration of Ores. — When the ore has arrived at the 
surface, the mechanical process is still farther pursued in 
separating the ore from the gangue. This is often done, 
first by breaking the fragments into smaller pieces, generally 
by hand, and then by the separation, also by hand, of the 
very lean ore and gangue from the richer fragments. The 
ore is no^ in a fairly concentrated condition, but is still in 
combination, mechanically with some of the gangue, and 
chemically with the mineralizer. The methods used for the 
extraction of the metal from these associations are extremely 
varied, depending both upon the character of the ore and 
the development of the mine. A few of the more important 
methods only are briefly described here. 

The first thing to be done in gold-bearing quartz and some 
other ores is to crush the ore so that even the finest particles 
of foreign, mechanically associated mineral may be removed 
by water. This is done by means of the stamp, an apparatus 
so old that the time of its invention is not known. There 
are many kinds of these, the most improved being the 
piston stamps in which a heaA^y head, weighing in some 
cases a ton, is raised to a height of from twelve to fourteen 
inches and then dropped. In some of the better equipped 
mills not only do the piston stamps work automatically, but 
the ore is fed in the same manner, and one may pass through 
such a mill, where many stamps are at work, without seeing 
any other workmen than the watchmen. 

In the placer gold, platinum, and stream-tin deposits 
nature has performed the duties of the stamp mill in disin- 
tegrating the rock which contained the ores ; and to a cer- 
tain extent, also, the duties of the concentrator by the 
assorting power of running water. This same principle is 
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made use of in mucli of tlie separation of ore from gangue. 
Placer miners separated the heavy gold from the admixture 
of gravel by means of a pan or some similar contrivance, 
simply giving to it a peculiar sliaking motion which caused 
the heavy gold to accumulate in the bottom of the pan, 
while the lighter gi’avel was washed out. The introduction 
of the cradle^ an inclined board witli riffles, was an advance 
in metliod which was followed by the shdee^ an ajjparatus in 
which nature’s process of concentration is closely imitated. 
This consists of a long box with a rapid slope, built in the 
river valley, into which the gold-bearing gravel is washed 
by sti’cains of water. The gravel rushes down through the 
box, while iiie Iieavy gold drags near the bottom and tends 
to collect behind the riffles, or cross-pieces nailed across the 
bottom of the box. just as it does in the streams where the 
current is slackened by a boulder or some other obstacle. 
Two things are necessary ; a plentiful su])ply of water and 
a rapid slope. In some parts of this country, and of other 
countries as well, there are extensive deposits of gold-bearing 
gravel which might be worked by this hydraulic process, if 
water or slope were present. Indeed, in most of t'l placer 
regions of the west the water supply has presented difficult 
problems, for the solution of wliich vast sums of money have 
been expended in the construction of canals and water pipes 
for the carriage of water often from one drainage basin to 
another. Even under these circumstances hydraulic mining 
was very successful, and gravel with very little gold was 
worked over with profit. 

In the case of gold-bearing quartz and other ores in which 
the gangue is abundant, the ore is eruslied to a pulp or 
“ slime,” and under different circumstances different methods 
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are used for the separation. An ingenious contrivance for 
this purpose is the pointed box^ an apparatus consisting of 
several V-shaped boxes of varying size with small apertures 
at the apices. A stream of water passes from one to the 
other, keeping the water in them in circulation, and “ slime ” 
is fed into the first box, the heavier parts sinking and pass- 
ing out of the opening at the bottom, and the balance being 
carried into the next, where, tlie current being less strong, 
still more of the heavy particles drop through the aperture. 
Beneath each box there aceumulates a pile of material ; pure 
ore beneath the first, pure gangue (“ tailings ”) beneath the 
last, and beneath the intermediate ones an admixture which 
may pay for further concentration. 

Frame^ tye^ or huddle^ are names given to an inclined 
board upon which crushed ore is fed, together with a current 
of water which carries the lighter material downward, while 
the ore remains near the top, and in the middle there is an 
admixture of ore and gangue which may need to be passed 
again over the fry^me. A man standing near with a rake 
assists the separation by stirring the slime. Machinery 
works faster, but produces no better results than this rather 
crude method. When jarred by machinery the frame be- 
comes the percussion table^ of which there are numerous 
modifications. A constantly moving belt of corrugated rub- 
ber, the vanner^ upon which the ore is fed, serves to con- 
centrate it in a similar manner. The jvj or jigger^ also 
used for this purpose, consists of a box with small holes in 
the bottom. Slime is placed in this, and a jigging motion 
given to the box either by hand or by machinery (^piston 
jigger')^ by which there is a separation of the minerals into 
layers according to specific gravity, the ore seeking the 
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bottom. One of these pieces of apparatus, or some modifi- 
cation of it, is used for nearly all ores where the percentage 
or character of the gangue is such as to call for a mechanical 
separation further than that of selection**»at the mine. Some 
ores of iron and other metals are sufficiently rich when ex- 
tracted to go directly to the smelter without concentration. 
Other ores are in such combinations, as, for instance, with 
some mineral easily disposed of in smelting, or with some 
heavy mineral which cannot be separated by water, that con- 
centration is either not necessary or not possible. 

Beduction of Ores. — For tlie chemical reduction of ores, 
a few woids of the most general nature must suffice. Each 
different ore ic* treated in a different manner, but in general 
three methods arc used: amalgamation, smelting (the dry 
way), and metallurgy (the wet way). The process of amal- 
gamation is used chiefly for the extraction of gold and silver. 
In the case of gold it is used to remove the metal, which 
is , mechanically mixed with impurities. Mercury placed in 
the sluices in hydraulic mines, remains behind the riffles and 
greedily seizes all gold which comes ithin its grasp, forming 
an amalgam with it. Practically the same is done th the 
gold extracted from the quartz rock by crushing and con- 
centration. From the amalgam the njercury is easily driven 
off by heat, and, being collected hy condensation, is ready to 
be used over again. For the extraction of gold from its silver 
and other alloys, finer methods are used. The affinity of mer- 
cury for other metals is also made use of as for instance in the 
extraction of silver from certain of its ores. Several processes 
are used, but in general they consist in the use of mercniy, 
the crushed ore, and some salt, which aio all stirred together, 
in the Mexican mines by driving mules back and forth over 



114 ECONOMIC GEOLOGY OF THE UNITED STATES. 

the ore, but more commonly by machinery. A chemical 
reaction, not very well understood, takes place; the silver 
is freed from its chemical combination, and enters into an 
amalgam with the <nercury, from which, as in the case of 
gold, it is obtained by heat. So important is the use of 
mercury in the extraction of gold and silver that the greater 
part of th- feupply of this metal is used for that purpose. 

Ores differ very markedly in the strength of the affinity 
which binds the metal and mineralizer together. The chlo- 
ride of silver can be extracted by a very gentle heat, the 
chlorine being driven off and pure silver left. With other 
ores a high heat does the same, and, again, by the use of 
some other mineral as a flux, upon the application of high 
heat the metal is driven from its mineralizer, which enters 
into combination with the flux, while the metal remains free. 
Some ores have to be smelted again and again, and some are 
so difficult to obtain that they are not mined. Every year 
adds to our knowledge of metallurgical processes, or gives 
us some new way of smelting by which it is possible to 
extract the refractory metals more economically. As an 
instance of this the Franklin Furnace zinc mine of New 
Jersey, originally worked for iron, is now kept open chiefly 
for the zinc. Formerly the zinc contained in the oxide 
zincite, the silicate willemite and the oxide of iron and zinc 
franklinite, was considered to be in too refractory combi- 
nation for separation. 

Before smelting some ores it is necessary to either calcine 
them — that is, to allow them to decompose in the air at ordi- 
nary temperatures — or to roast them. This serves to drive 
off a part of the sulphur, or arsenic, or other elements which 
*have strong affinities for the metals. The ore is then 
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smelted and the metal obtained. For more detailed state- 
ments concerning the processes of smelting or of metallurgy, 
recourse should be had to some of the treatises upon the 
generjil subject, or upon special ores or metals.^ 

1 Some of these are referred to in the bibliography at the end of the 
book. 
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METALLIFEROUS DEPOSITS. 




CHAPTER VI. 


General Statement. — The ores of iron are, (1) hroivn hema- 
tite (including all varieties of the liydrated sesquioxide, — 
limonite, gdthite, bog ores, etc.) ; (2) red hematite (the 
anhydrous sesquioxide, including specular, micaceous, fossil 
hematite, and other varieties based upon physical character- 
istics) ; viarpietite ; and (4) the carbonate (FeCOg, in- 
cluding spathic ore, blackband, siderite, etc.). Native iron 
is found in meteorites and in basalt rock, in Greenland, but 
it is not known as an ore. The sulphide, iron pyrite, is 
mined, not for its iron, but for the sulphur which it contains. 

An iron ore, in the present state of the iron industry, must 
occur in a very favourable position as regai'ds market, it must 
be of good quality, in considerable quantity, and favourably 
situated for extraction and smelting. The presenc • of sul- 
phur or phosphorus in an ore makes it valueless uiu-css the 
quantity is very slight. Iron is now so cheajj that, where 
mining operations are difficult, as, for iii'^tance, where the 
mine is deep, the vein narrow, gangue abundant, or trans- 
portation difficult, it cannot be mined. There are a suffi- 
cient number of good iron deposits in this country to make 
selection possible, and consequently many of the older mines 
are being abandoned because of tlie development of tliese 

^ A very complete account of the iron industry of this country is found 
in Vol. XV., Tenth Census, pp. 1-001. 
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more profitable mines. For reasons of this sort, the New 
Jersey region, for instance, which was once an important 
iron-producing section, is becoming abandoned ; and whereas 
only a few yeais ago there were many score of profitable 
mines in that state, now there are very few. As this ore is 
cliiefly magnetite, and some of it of a very high grade, it is 
possible tl at the use of electricity in the separation of the 
ore, which is now being experimented with, may revolution- 
ize the iron industry of that state. 

The most favourable situation of an iron ore for profitable 
extraction is near good coking coal for smelting and lime- 
stone for a flux, as in the Birmingham district of Alabama ; 
and in such a situation even low-grade ores can be worked 
profitably. Unless this is the case, iron ore cannot be exten- 
sively mined excepting under conditions of great abundance 
and economical methods of transportation, as in the Lake 
Superior district, where thick and remarkably uniform beds 
of good ore occur in such a position that water transporta- 
tion to the market is possible. Where these conditions do 
not exist, iron-mining is feasible only on a small scale for 
the local market. Thus, in the Rocky Mountains, there are 
almost inexhaustible supplies of iron, often of high grade, 
which are at present of no value whatsoever. 

Brown Hematite Ores. — The brown hematite ore (hydrated 
sesquioxide), of which limonite is the most important vari- 
ety, produced, in 1891, 18.9 per cent of the iron ore of the 
country. Of the total output of 14,591,178 tons of iron ore, 
2,757,564 tons were of brown hematite. While in 1880 this 
ore was third in rank of importance, in 1891 it held second 
place in the production of iron. 

Hydrated sesquioxide of iron occurs abundantly in most 
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soils as a yellow stain, and nearly all percolating water takes 
it into solution. From this it is Irequently precipitated in 
bogs, forming bog-iron ore, which is common in New England 
and the northern states generally. Here it Avas mined in 
the last century and used for iron; but at prcsmit, partly 
because of its impuritj^ partly on account of its local nature, 
this source is not-^xploited. At present, the greater ])art of 
the supply of brown hematite comes from the southern states, 
chiefly from Virginia, Alabama, and Georgia, where it occurs 
typically as beds in the nearly horizontal sandstones of recent 
age and in the older slates and limestones. The first mode 
of occurrence is typically illustrated in the iron mines at 
New Birmiog^'^m, Cherokee County, Texas, where flat-topped 
hills of erosion, or ‘‘ buttes,” stand up above the surrounding 
country, and in these beds of iron occur capped and under- 
lain by a partially consolidated ferruginous sandstone. The 
ore, which varies in colour from brown to black, and is usu- 
ally granular or semi-compacted, is of the bog-iron variety, 
and is distinctl}" bedded with the sandstones, having appar- 
ently been precipitated in shallow lakes or lagoons along the 
shore line before the region was elevat«.d in Tertiai' times. 
After scraping away the loose or semi-compact saii.lstone 
covering, the ore is easily removed b;, picks, and the mine 
worked at a low cost as an open woik or pit. There is much 
of this class of ore in eastern Texas and other parts of 
the Tertiary plain, although at present it is very slightly 
developed. 

In northeastern Alabama brown hematite occurs in 
pockets, often of large size, from which it is extracted by 
means of a steam shovel. Pcnnsylvai ai is an important 
producer of this ore. In Lehigh County it occurs in slates, 
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apparently the result of the decomposition of pyrite, or else of 
concentration by deposition from percolating water. There 
is a more or less continuous band of limonite, often associated 
with manganese, in the limestone belt of early Palaeozoic age 
which extends from Vermont to Alabama. Mines in this 
belt are located at Brandon, Vermont; Richmond, Massa- 
chusetts ; ^jcliigh County, Pennsylvania ; Shenandoah valley, 
Virginia, and elsewhere. Whether originally precipitated or 
subsequent!}^ concentrated, perhaps by replacement, is still 
a disputed point. On the Pacific slope the most important 
iron-producing region is a limonite bed near Portland, 
Oregon. Here, in the Prosser mine, the limonite is found 
in hollows in a basaltic lava flow which has been buried 
beneath a later flow of lava. These hollows seem to have 
been lakes and swamps, as indicated by the association of 
tree trunks and vegetable remains. The supply of iron 
came no doubt from the basalt, from which it was leached 
by water and precipitated as bog ore in the swamps, and 
later buried' beneath lava. 

The value of brown hematite, as an ore of iron, consists 
less in its richness or its purity than in the ease with 
which it can be exploited and smelted. Nearly all the 
mines of this mineral are oi^eii works, and the ore is soft. 
It is, however, usually local in distribution, and not generally 
found in large masses; but since extensive plants for its 
extraction are not necessary, this is not a vital objection. 
The future of this ore seems good; for, with the develop- 
ment of the soutliern states, a large, undeveloped supply 
will no doubt be drawn upon. 

Red Hematite Ores. — This mineral, which in 1 880 produced 
but 1.5 per cent more ore than magnetite, and only 5 per 
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cent more than brown hematite, in 1891 produced 63.9 
per cent of all the iron ore of the country. Out of a total of 
14,691,178 tons of iron ore produced in 1891, 9,327,398 tons 
were red hematite. This remarkable increase is due chiefly 
to the development of the Lake Superior and* Alabama 
districts, while at the same time, and for the same reason, 
the output of magnetite decreased. 

One of the most remarkable deposits of iron in the world 
is the Clinton ore bed which occurs in a horizon in the 
upper Silurian, known as the Clinton, because of its typical 
occurrence at Clinton, New York. Tliis bed is not always 
ore-bearing, but in many parts of the outcrop it is a lime- 
stone intPi'^'^’^tified with shales and limestones. On the 
other hand, it is frequently iron-bearing. It occurs in New 
York state, extends southward, following the folds of the 
Appalachians to Alabama, and is found outcropping in 
Wisconsin, Ohio, and Kentucky. Tliiougliout its extent 
it occasionally furnishes iron mines. The ore varies in 
character, being at times oolitic, when it is called flaxseed 
ore, or, in other places, replacing fossils, and then being 
called fossil ore. 

There is some question as to the origin of this remarkable 
ore-bearing stratum. It lias been licld that the ore was 
originally precipitated during the formation of the stratum, 
and the oolitic character of certain parts of the bed seem to 
prove this. On the other hand, fossils, which were originally 
calcareous, are now composed of hematite, whicfli shows that, 
in these cases at least, the ore is a replacement, and hence 
secondary. At Atalla, Alabama, the Clinton limestone, t 70 
hundred and fifty feet from the surfa> j, carries only 7.75 
per cent of iron, while at the outcrop it has 57 per cent of 
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iron, and this seems to prove that here the ore is concen- 
trated by the action of weathering, which has removed some 
of the calcite. Probably in different places the ore has 
originated differently. It is not unlikely that, for some 
reason, duHng the time of deposit of the Clinton bed, abun- 
dant iron was precipitated, producing a ferruginous lime- 
stone and, In places, even an oolitic iron bed. Later, perco- 
lating water removed some of the iron, and a replacement of 
fossils and limestone took place, partly from this source and 
partly from an outside supply of iron. The replacement 
may have been at first siderite and later hematite. Thus the 
bed varies in character and richness from place to place, 
owing to the local concentration, and perhaps, also, as at 
Atalla, as the result of the concentrating effect of weathering. 

The Lake Superior hematites are even more important 
than the Clinton ore bed, but their occurrence is less simple. 
There are several districts in Michigan, Wisconsin, and Min- 
nesota. In the Marquette district of Michigan, the ore 
occurs in strata of quartzites, schists, banded jasper, and 
limestones of Huronian age (a division of the Archean). 
There are several types of occurrence, but all are apparently 
bedded with these strata. As to their origin, Foster and 
Whitney^ considered them eruptive, Brooks and Pumpelly® 
called them altered limonite beds ; and the last geologists to 
study the ore, Irving and Van Hise,^ ascribe the origin of 
the ore deposits in part to concentration by percolating 
water, in part to a replacement of limestone. This view 

1 Keport on the Geology of the Lake Superior Land District, Part II., 
1861, pp. 66-69. 

2 Geological Survey Michigan, 1869-1873. 

® The Penokee Iron-hearing Series of Michigan and Wisconsin^ Tenth 
Annual Report United States Geological Survey, pp. 341-<608. 
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seems the most probable, although it is possible that other 
explanations may account for some of the deposits. The 
Menominee district in the same region has a very similar 
mode of occurrence. Owing to the studies of Irving 
and Van Ilise, the occurrence of the ore in tlie third 
district, the Penokee-Gogebic, is well understood. Here 
the rocks are cherty^ limestones, slates, quattzites, etc., 



Fig. 15. — Diaj^ram showing mode of oerurreiirc of iron ore in Peno ' region, 
a, quartzite stratum, h, dikes, e, non oie, r(*pl.ieiug ferruginous eliert, c; 
it drift. (Modified from Irving and Van Rise.) 

dipping fit a moderate angle and crossed by trap dikes. 
It has been shown by these autliors that beds of dolo- 
mitic limestone, originally stratified with the series, have 
been replaced by red hematite, and that the ore occurs most 
commonly in the troughs formed by the intersection of the 
dikes with the impervious strata beneath the replaced lime- 
stones (Fig. 16). The water apparenU^ percolated through 


1 Chert is impure flint. 
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the limestone, but its progress was retarded by the nearly 
impermeable quartzites with which the limestone was bedded 
and by the dikes which crossed the strata. The water being 
forced to stand here, the limestone was slowly replaced by 
the iron olJtained by solution from the rocks through which 
the water had percolated. 

A part of* Tie same general series of iron ores is found in 
Minnesota, in the Vermilion Lake and Mesaba Range dis- 
tricts. Here, as in Michigan and Wisconsin, although the 
ore is sometimes magnetite, it is chiefly hematite. The prob- 
able origin of these ores is b}^ replacement, as in Michigan, 
although AVinchell,^ who has studied the district carefully, 
believes them to be originally precipitated, together with 
many of the associated rocks, from an ocean of pre-Cambrian 
age when tlic waters weiu in a ti'ansition stage from the 
heated primary ocean to the cold sea of geologic times. This 
theory, while very enticing, does not seem as yet to be suffi- 
ciently supported by facts for its general acce2)tance. 

One of the most interesting deposits of iron in America 
is the famous iron mountain of Missouri. Here is a hill of 
porphyry, rising, dome-sliaped, through tlie much juunger 
Silurian rocks. In the jjoiphyry there are veins of hematite, 
probably of secondary origin, although some have held that 
they are an original j)art of the eruj)ted rock. Tlie ore sup- 
ply comes, however, from the base of the hill, where it occurs 
as a conglomerate cemented by limestone aiid resting upon 
the porphyry. It is overlain by limestone, and the entire 
series dips away from the mountain as- if deposited ujjon a 
sloping surface. No other satisfactory explanation seems 

^ The Iron Ores of Minnesota^ Bull. No. C, Minnesota Geological Survey, 

1801 . 
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possible than that suggested by Piimpellyd which is, that 
this hill of porphyry was, in the Silui iaii ])eriod, covered by 
a soil of disintegration, in which the pc‘])l)les of iron, obtained 
from the veins, remained while the porphyry was decayed 
to a clay. As the sea which formed the Silurian strata 
encroached upon this hill or island, the clay w as" removed 
and the iron pebbles form(»d into a conglomerate'at the sliore 
line and later co\crcd with other sediments. 

The ores of hematite aie all apiKtnmihj bedded. This 
appearance is citlier due to actual bedding by deposition, or 
to the subsequent alteration of some previously bedded iron 
ore of another character (such aTi limonite), or to the con- 
centratioii v/ Uie ore by some pioecss, usually by replace- 
ment. These deposits are frequently lens-shaped, and often 
attain a considerable thickness in tlie centre of the lens. 
Frequently the hematite mines are open woiks, although 
where the beds are of a more permanent cliaraeter, tunnels 
and shafts are constructed, generally in continuation of 
previous open-work mining. 

Magnetite Ores. — In 1891, 15.88 per cent of the iron ore 
produced in the country w'as magnetite, or out of le total 
of 14,591,178 tons of ore, 2,ol7,108 tons were of this nature. 
At present magnetite is the third mo.^t important ore of iron, 
while in 1880 it held second place, and w'a^ only a little over 
one per cent behind the le<iding ore, hematite. In distribu- 
tion, the magnetite is found chielly in the metamorjihic rocks 
of New York, Pennsylvania, New^ Jersey, and Michigan. 
Practically all of the New Jersey ore is magnetite, and in 
both New York and Pennsylvania this is the most impouant 
of the iron minerals. 

1 Geological Survev of Missouri for 1872, Tart 1. 
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Magnetite is found in nearly all eruptive and metamor- 
phic rocks, as an accessory constituent, in small grains origi- 
nally formed with the other minerals. It rarely occurs in 
eruptive rocks in sufficient quantities to pay for mining, 
although a ‘deposit of titaniferous iron ore, which has been 
worked various times, is found in an eruptive rock in 
Rhode Island. The usual mode of occurrence of magnetite 
as an ore is typical. It exists as lenses in metamorphic 
rocks, frequently in the Archean, and often associated with 
limestone. Tliis mode of occurrence is fully illustrated in 
New Jersey, in the Archean Highlands, where there is so 
much magnetite, both as disseminated particles and beds, 
that the ordinary compass is of no use in the region. These 
mines have been developed since the last century, and there 
are thousands of prospect and mine holes, of great and small 
size, where the dip-compass has indicated the presence of 
magnetite and encouraged exploration. The beds of iron 
are associated usually with black hornblendic bands and 
appear to be bedded with the gneiss, although the apparent 
bedding of both the 'gneiss and the iron may be secondary. 
In the mines the strike is quite uniformly to the northeast 
and the dip usually southeast, though sometimes northwest, 
and generally there is, in addition to this, a “ pitch ” in the 
direction of the strike, as if the rocks had been folded across 
the strike. The ore is very irregular, occurring sometimes 
in pockets, swelling and pinching, and at times being faulted. 
Some of the veins, as for instance the Hibernia mine of the 
central Highlands, are remarkabl}'' uniform and extensive, 
but many are soi^ocal and irregular that it has been neces- 
sary to abandon them. Owing to the distance from coal, 
the irregularity and uncertainty of the iron deposits, and the 
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fact that the largest and most uniform have already been 
worked to a considerable depth, these New Jersey magnetites 
are rapidl)’^ losing in importance ; and unless by taking advan- 
tage of the magnetic properties of the ore, some process of 
concentration is perfected, the iron industry of New Jersey 
must continue to decline. The peculiar occurrence*bf frank- 
linite on the western border of the Highlands is described 
under zinc. 

At Mineville, Chatcaugay, and other mines in New York, 
the occurrence of the magnetite is very similar to tliat of New 
Jersey. In the Chateaugay mine, as is often the case in the 
Archean ores, the magnetite grades, by an increased admixture 
of gang”f-, ‘'ito the barren gneiss of the country. The Mine- 
ville deposit which has been worked to a depth of three hun- 
dred feet has, since it was opened in 1824, produced up to the 
close of 1889 over 9,500,000 tons of ore. In this mine the 
variation in character of the ore, which is even more marked 
in some other magnetite mines, is well shown. Practically 
all of the Archean magnetite, unlike the brown or red hema- 
tite, is hard and granular, or semi-crystalline. The iron 
percentage is high and varies in the JMineville ore from 
65 to 70 per cent. In the New Bed of this mine a good 
Bessemer ore is found in which the percentage of phospho- 
rus does not exceed 0.025 per cent ; but in one of the old 
openings the amount of phosphorus varies from 0.5 to 2.5 
per cent, owing to the presence of apatite. There is practi- 
cally no sulphur in this ore, but in some magnetite deposits 
there is so much sulphur, usually in the form of iron pyrite, 
that the ore is not mined. Where magnetite is free from 
both sulphur and phosphorus, on account of the high per 
cent of iron, it is a valuable ore. 
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To account for these deposits of Archean inagnetite, vari- 
ous theories have been offered. An intrusive origin has 
been suggested at various times, and certain facts have been 
stated which seemed to corroborate this view ; but, without 
discussing ^this theory, it may be stated that there are no 
facts connected with magnetite deposits which cannot be 
easily expla’hed by other theories, and that there are numer- 
ous objections to this hypothesis which have not been an- 
swered. A second theory is that the magnetite beds are, in 
part at least, altered beds of limonite deposited with the 
original materials out of which the gneiss has been pro- 
duced, and metamorphosed to magnetite when the gneisses 
were formed. While it cannot be denied that this is a pos- 
sible source of some of these deposits, it may yet be said that 
it does not seem to be a general explanation. Moreover, the 
gneisses are so much altered that their original character has 
never been determined, and without proof this explanation 
can be called little else than a guess. That some of the 
Archean magnetites are replacements of limestone beds 
seems certain, and in some cases is proved; but even this 
plausible explanation, when applied to tlie New Jersey mag- 
netite, does not seem to be of general application. A fourth 
theory, and the one which, taking into consideration all the 
facts, seems to the writer most probable, is that of segre- 
gation ; but in advancing it there is no intention of denying 
absolutely the other explanations. The proofs upon which 
this belief rests can hardly be stated here. It may be noted, 
however, that magnetite is present in grains throughout 
most of these gr ^nsses, and that it is gathered together into 
strings, bands, and even beds, just as is the hornblende and 
augite of the gneisses. There seems to be every gradation 
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from the magnetite grain to the magnetite bed, and it 
appears to be the result of metamorphism and the gathering 
together of like minerals from tlie surrounding rocks during 
their alteration ; that, in other words, it is merely an expres- 
sion of metamorphism of rocks rich in iron ; but wliether 
these rocks were originally limonite-bcaring shales or diabase, 
we cannot in the present state of our knowledge determine. 

A very peculiar deposit of magnetite is found in Cornwall, 
Pennsylvania, occurring in an entirely different position from 
the above. Here an extremely wide regularly stratified deposit 
of iron, with a width of more tlian 400 feet, rests against a 
trap rock, which has protected it at this point from destruc- 
tion by weathering, forming a series of hills instead of the 
valleys which would normally liave resulted in this soft de- 
posit. Whether it was originally a pyritiferous shale which 
has been altered, or a brown hematite nietamoriihosed to 
magnetite, seems a question.^ It is a plicnomenal example of 
cheap mining, the ore being soft so that very little explosive 
is needed, and the mine being entirely an open-work. Walls 
of ore eighty feet high are blasted with dynamite. Owing to 
the great width of the deposit, it can hp oxjdoitcd u. a scries 
of retreating terraces at the base of which temporal ' tracks 
are laid for its removal. Already, np to 1891, 11,508,990 
tons of ore have been won from this deposit, which was first 
opened in 1740; and thei’e are no signs of exhaustion, but 
on the contrary boring showing that the ore extends below 
the water line. 

Magnetite is typically a metamorphic mineral. As this 
ore by rusting alters to the hydrous forms of iron ore so 

^ Professor Lesley states that the deposit is a . placed liine-sliale. Sum- 
mary, Final Report, Vol. I., Pennsylvania Geological Siuvey, pp. 351-367. 
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they by metamorphism lose their superfluous constituents 
and become magnetite. Tims, in whatever original position 
other ores of iron arc found in sedimentary strata, magnetite 
is also found in the same mode of occurrence in the meta- 
morphic i^ocks which are altered from these sediments. It 
has, therefore, the appearance of bedding, and sometimes 
really is bedded, though more often this appearance is the 
result of replacement or concentration, by the process of 
segregation, during metamorphism. 

Carbonate of Iron Ores. — This is the least important of the 
ores of iron, and in 1891 out of the total output of 
14,591,178 tons of iron ore, only 189,108 tons, or 1.3 per 
cent, of the ore of the country was carbonate. In 1880 the 
carbonate of iron produced 11.57 i^er cent of the total out- 
put, or, during the year, 823,471 tons. At present the only 
important carbonate-producing state is Ohio, which in 1891 
had an output of over 100,000 tons ; New York, Kentucky, 
Pennsylvania, and Maryland being the only other producers 
of this ore. 

The carbonate, stderite, may be considered to be a combina- 
tion of iron and calcite in which the percentage of iron varies 
even to the point of complete replacement of the calcium. 
It occurs as concretions of clay ironstone in beds of calcare- 
ous clay ; but in this form it is usually too disseminated for 
mining in this country, although in Europe it is extensively 
mined. As an ore it is found stratified with slates and sand- 
stones in the Burden mine, near the Hudson, in New York, 
and it is quite universally found stratified in the other mines, 
being apparently most frequently a stage in the replacement of 
limestone beds. The blackband ore of Ohio and Kentucky 
is a stratified carbonjite, coloured black by bituminous matter. 
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An exception to this general statement is found in a mine 
at Roxbury, Connecticut, now abandoned, where the ore is 
found in a fissure vein with quartz, galena, and calcite, — 
quite an exceptional mode of occurrence. 

Foreign Occurrences. — Foreign occurrences of nron illus- 
trate the same general features as those described above, 
and very little need be said about them. The gieatest iron- 
producing country in the world, next to the United States, 
is Great Britain, which, up to 1889, was a greater producer 
than this country. At the time of the Roman conquest, 
iron mines were opened in the Forest of Dean and else- 
where, and some of these mines are still worked. Through- 
out the United Kingdom iron ores occur bedded in regular 
strata, or gathered together along contacts, or in hollows. 
These ores are chiefly red and brown hematite and the 
carbonate. They occur in the Carboniferous or mountain 
limestone, and in the coal measures chiefly; in the latter 
place being found in the form of clay ironstone concretions, 
which sometimes coalesce into partial beds. Brown hema- 
tites are found also in the Mesozoic strata. Many of the 
iron ores of the United Kingdom are of very low gr de, and 
are capable of being profitably mined only because of the 
close association Avith coal, the coal and iron ore being at 
times hoisted to the surface through the same shaft. In 
1860 the United Kingdom produced 8,155,749 metric tons^ 
of iron ore, and the output increased to 1880-1882, when 
the annual production amounted to over 18,000,000 metric 
tons. Since then the output has been steadily decreasing, 
until in 1891 it amounted to only 12,987,159 metric tons. 

^ The metric ton is 2204 lbs. ; the long ton, 2240 lbs. ; the short ton, 
2000 lbs. 



134 ECONOMIC GEOLOGY OP THE UNITED STATES. 


Germany, the third in rank as an iron-producer, had an 
output in 1891 of 10,007,521 metric tons of ore. These ores, 
which sometimes occur in thick beds, are found chiefly 
in the Devonian and Jurassic strata in the form of limonite, 
hematite,* and the carbonate. The typical occurrence is 
bedded, but the ore also occurs in veins often at contacts. 
Spain, which in 1892 produced 5,405,150 metric tons, is a 
producer chiefly of brown and red hematite which occurs in 
Cretaceous rocks. The most important district of this 
country is Bilbao, which in 1890 produced 4,320,933 metric 
tons, or nearly the entire output of the country. In order 
to show the importance of our own iron-producing regions, 
it may be stated that, in 1890, the total output of Spain, the 
fourth iron-producing country in the world, was more than 
650,000 tons less than the output of the one state of 
Michigan. 

Austria, which has been an iron-producing country since 
the Roman invasion, illustrates very nearly the same occur- 
rence as the above, and in 1891 produced 1,231,248 metric 
tons. Belgium 'also produces hematite, limonite, and clay 
iron-stone, which is bedded in and below the coal. In 
1891 the output was only 202,204 metric tons. Both 
Norway and Sweden pioduce considerable iron, chiefly 
magnetite, the ore from the latter country being remark- 
able for the very low percentage of phosphorus, that 
from Dannemora containing only 0.003 per cent, and from 
other provinces, varying ujj to 0.05 per cent. This makes a 
remarkably good Bessemer steel, and tlie output of iron ore 
from Sweden in 1891 was 987,405 metric tons. In both 
Norway and Sweden, as in other parts of Europe where the 
rocks are metamprphic, the occurrence of the iron ore is 
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in lenses, apparently of segregated origin, very nearly the 
same as the ores of New Jersey and the Adirondacks. Both 
Italy and Portugal have large stores of iron, l^ut owing to 
the fact that there is no coal at hand, very little is mi nod in 
these countries, Italy liaving an output in 1891 of only 
216,486 metric tons. Canada has iron in inodes of occur- 
rence similar to that of the United States, althodgh, owing 
to the great areas of Arcliean rocks, it is probable that 
magnetites predominate over the other ores. There are 
undoubtedly great possibilities in store for the iron industry 
of Canada, although the general absence of coal over large 
areas must always interfere with its development. At 
present, Canada produces very little iron, the output for 
1891 being only 62,594 metric tons. The iron ores of Africa, 
Asia, Australia, and South America are practically unde- 
veloped, not from a lack of supply, but because of the lack 
of industrial progress. The countries of these continents 
allow their stores of iron to remain undeveloped, ol)taining 
only a very little for pressing local needs, and depend upon 
the United States and Europe, Creat Britain chiefly, for the 
greater part of their iion supply. China, wliich oduccs 
not far from 500,000 tons a year, is an exception lo this 
statement. 

Oeneral Uode of Occurrence. — Iron ores occur dissemi- 
nated through all rocks, being usually magnetite in the 
igneous and metamorphic rocks, and hematite, liinonite, or 
carbonate in the sedimentary strata. From one or another 
of these sources it is taken into solution by water and either 
precipitated (bog-iron ore), or segregated (some of the New 
Jersey mines), or caused to replace her rocks (Penokee- 
Gogebic region), or, under some circumstances, formed into 
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beds by disintegration and mechanical deposition (Iron 
Mountain, Missouri). Under all of these circumstances an 
actual or apparent structure of bedding, either original or 
secondary, is^pically given to iron-ore deposits. Varia- 
tions from this type of occurrence are distinctly rare. Fre- 
quently the beds of ore are very wide, and, unlike most of 
the ores to *be considered, the process of mining is usually 
by open works instead of in true mines. 

Uses of Iron. — The uses of iron are so varied and im- 
portant that civilization depends upon it more than upon 
any other mineral product of the earth. Indeed, without a 
plentiful supply of iron the civilization of the present could 
hardly have been attained ; and, where iron is not present, a 
high degree of advancement in art and industry is not 
quickly reached. How much England and the United 
States owe to their supplies of iron can probably never be 
told. 

The value of iron in the arts depends upon the fact that 
it is both abundant and cheap, and that, by subjecting it to 
different processes, it can be made either brittle or malleable, 
either soft or extremely hard, and either comparatively 
fragile or extremely tough. Not only can its properties of 
hardness be vai ied by heat and tempering, but also, by alloy 
with such metals as chromium or nickel, a steel of extreme 
hardness can be produced. The melting-point may also be 
varied. If iron melted as easily as lead, or was as refractory 
as platinum, it would be of but little use, yet, for some pur- 
poses, it is desirable to have a comparatively low, or, on the 
other hand, a, high, melting-point, and this can be accom- 
plished within a certain range, by different processes. Iron 
can in one form be cast, thus making it very valuable in 
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a certain class of work, but in another form, where more 
durability is desired, it is worked by hammering and weld- 
ing instead of by casting. There is one great fault in iron, 
and that is the ease with which it rusts ; but painting or 
coating with some less easily oxidized metal, as tin or zinc, 
to exclude the air, this is not so serious an evil as it might 
at first thought seem to be. 

The uses of iron are being extended every year with the 
advance of civilization and the decrease in cost of iron and 
iron-working. No single industry has called for a greater 
supply than the railroads, and now steel vessels are demand- 
ing an increasing quantity. These, witli bridges and great 
engineerif.g ^^’■orks, are the largest uses for iron ; but in the 
smaller articles for household, farming, and other similar pur- 
poses, great quantities are also used. It is haidly probable 
that the marvellous increase in demand for ii*on, which has 
taken place in the past tweittj^-five years, will be I’epeated in 
the next quarter of a century, although tliere is little doubt 
that there will still be a decided increase. 

Distribution of Iron Ores. — The ores of iron are widely dis- 
tributed in this country, yet the areas in which ir nes are 
located are extremely limited. East of the Mississippi and 
a line projected northwards to the Lake of the Woods, the 
output of iron ore in 1889 amounted to a lotal of 9G.73 per 
cent of the entire product of all the mines in the country. 
If this eastern division be divided by an east and west line 
extending along the Ohio and Potomac, the product of the 
northern portion, according to the census of 1890, is 76.82 
per cent of the total output of the United States. While 
this rather remarkable distribution is . part due to the geo- 
logical conditions, it is cliiefly the result of the fact that the 
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industrial progress of this section has been greatest. Un- 
doubtedly the two conditions have been interacting, the 
increase in industrial demands calling for more iron, while, 
on the other hand, the presence of the supply has without 
question a^decl^in the progress. Ten years ago this division 
w'as much more marked, and already the centres of the iron 
suj)ply arc moving southward and westward; and, as these 
sections uevelop industrially, their stores of iron will be more 
and more called into use. 

Carrying the consideration of iron-ore distribution to a still 
smaller division of areas, one is impressed by the fact that 
workable deposits are extremely local. The four iron-bearing 
ranges of the Lake Superior region are all included in a semi- 
circle, with a radius of 135 miles and a centre in Lake Supe- 
rior, the greater part of the mines being near the periphery. 
In 1889 this district pioduced 7,519,014 tons^ of ore. A 
parallelogi’am sixty miles in %iigth and twenty miles in 
width would include all the mines of the Lake Champlain 
district of northern New York, fiom which, in 1889, 779,850 
tons of ore were 'won. A circle of fifty miles’ radius, em- 
bracing portions of Alabama and western Georgia, included 
mines which, in 1889, produced 1,545,060 tons of ore, and a 
single locality, Cornwall, Pennsylvania, contributed 769,020 
tons. From these districts alone, 10,013,550 tons, or 73.11 
per cent of the entire output of iron ore of the United 
States, were obtained in 1889.^ 

During the year 1891 the four states, Michigan, Alabama, 
Pennsylvania, and New York, each produced over 1,000,000 

A 

1 Long tons arfe used in the statistics for tlie United States. 

2 The facts in this paragraph were obtained from the volume on Mineral' 
Industries of the Eleventh Census Reports, p. 9. 
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tons of ore ; and Michigan had an output of over 6,000,000 
tons ; Minnesota, Virginia, Wisconsin, Tennessee, and New 
Jersey each produced over 500,000 tons, and less than 
1,000,000 ; Georgia, Colorado, Missouri, and Ohio each pro- 
duced between 100,000 and 500,000 tons. ^Thus thirteen 
states only may be considered important iron-producing 
states, and of these only one is in the Cordilleran region. 

Reviewing hurriedly the output of each of these states, it 
is found that Michigan has, in 1891, decreased its output 
over 1,000,000 tons since 1890, but still produces 11.99 per 
cent of the iron ore of the country. Of this ore, 88.87 per 
cent was red hematite, 7.47 per cent brown hematite, and 
3.66 per cent magnetite. More than one-half of the red 
hematite of the country comes from Michigan. The several 
districts which produce this ore are situated on the peninsula 
between Lakes Superior and Michigan ; and more than three- 
fourths of it comes from nineteen mines, live of whicli, in 
1891, produced over 300,000 tons each, four between 200,000 
and 300,000 tons, and ten between 100,000 and 200,000 tons. 

The development of the iron industry in the various dis- 
tricts of the Lake Superior region since 1883 is sLcvn in the 
table on page 140. 

Alabama, the second state as an iron-producer, continues 
to increase its output, and in 1891 the production was 
1,986,830 tons, or 13.G2 per cent of the iron ore of the 
country. The ore is chiefly red hematite, although about one- 
fourth was brown hematite, and in both the red and brown 
varieties it is the second most important j^roducing state, its 
output of red hematite being 16.35 per cent of all produced 
in the country, and of brown hematite 16.76 per cent. 
There are six mines in Alabama which produced over 
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The largest single mine in this district is the Norrie mine of the Gogebic Range, Michigan, 
which produces about 1,000,000 long tons of ore per year. 
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100,000 tons of iron ore in 1891, and from one mine, the 
Tannehill mine in Jefferson County, in an area of two acres, 
115,563 tons of hrown hematite were produced. In 1880 
Alabama produced only about 171,000 long tons of ore; in 
1885 the output reached 500,000 tons; in 1888 about 
1,000,000 tons were obtained; and now (1891) the state 
produces nearly 2,000,000 tons, the greater pait of which 
comes from the vicinity of Birmingliam. 

All four kinds of ore were produced in 1891 by Pennsyl- 
vania, making a total of 1,272,928 tons, or 8.72 per cent of 
the output of the country. Of this, 727,299 tons were mag- 
netite, giving to Pennsylvania the second lank as a producer 
of this ore, or 31.39 per cent of all produced in the country ; 
of brown hematite the output amounted to 363,894 tons, giv- 
ing to the state fourth place as a producer of this ore ; of red 
hematite only 162,683 tons were prodiK^ed ; and of the car- 
bonate 19,052 tons. The output of in.ignelite and brown 
hematite has decreased since 1890, while that of red hema- 
tite and carbonate has increased. In 1891 the only mine in 
Pennsylvania which produced more than 100,000 tons was 
that of Cornwall, fj’om which the magnetite )ply is 
obtained. Many mines in Pennsylvania have bee., closed 
either because of leanness, excess of ])hosphorus, or expense 
of exploitation, which pi-events competition with the cheaply 
mined and transported ores of other sections. 

New York is the only state, other than Pennsylvania, 
which produced all four ores of iron, and here, also, the 
greater part of the ore is magnetite. Tu 1891, 782,729 tons 
of magnetite were produced, out of a total of 1,017,216 tons 
of iron ore, which gives to New^ York i t rank as a producer 
of this class of ore. The brown hematites come chiefly from 
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the eastern part of the state in a region known as the Salis- 
bury district of New York, Massachusetts, and Connecticut; 
the red hematites are found in the central and northern por- 
tions ; the carbonates occur at the Burden mines on the 
Hudson; and the magnetites in the Lake Champlain, western 
Adirondack and southeastern Archean districts, the first 
being he most important district. 

Minnesota advanced from sixth place in 1890 to fifth 
place in 1891, producing then 945,105 long tons of red 
hematite, in whicli it ranks tliiid as a producer. Although 
all of the ore obtained during 1891 came from three com- 
panies in the Vermilion Range, much [U’ospecting was done 
in the newly discovered Mesaba Range, and it is reported 
that companies with a total capitalization of $75,000,000 
were formed to open up the lemaikable deposits of limonitc, 
hematite, and magnetite, whicli o^cur there. The future of 
this district seems very promising, for the ore is both of 
good quality and quantity, and alieady in 1892 the region 
began to produce ore. Neail}'^ all of the ore of Virginia is 
brown hematite, of which there were 653,342 long tons in 
1891 of the total output of 658,916 tons of iron ore for 
the state. Virginia takes finst rank as a producer of this 
ore, supplying 23.69 per cent of the country's total, and the 
output is increasing. While these ores, which come chiefly 
from the Shenandoah valley, have not a high per cent of iron, 
they are easily smelted and make good iron, but they are 
not suited for Bessemer steel. 

Wisconsin has decreased its output of iron by nearly 
400,000 tdhs since 1890, and in 1891 its output was only 
589,481 tons, causing it to drop from fifth to seventh place. 
Nearly all of the ore is red hematite, coming from the end of 
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the Menominee and Gogebic ranges, which extend over the 
line of Michigan into this state. There are extensive 
deposits of brown liematite near the Mississippi, but as 
yet these have been only slightly developed. Tennessee 
produced 543,923 tons of iron ore in 1891, an increase of 
16.80 per cent over the preceding year. Of this, 396,883 
tons were of red hematite, wliich has increased -^ince 1890, 
and the balance bi'owji hematite, in wliieh the state has 
decreased its output. "Hie red hematites come from the 
eastern portion of the state in the valley of tlie Tennessee 
River. Over 98 per cent of the iron ore of New Jersey is 
magnetite from the mines of the Ari'hean Highlands, some 
of which, the Diekeison, have been operated since early 
in the last century (the Dickerson since 1713). This mine, 
together with others in New Jei’sey, has been closed since 
1891. Although New Jersey has steadily decreased its out- 
put for a number of years, tlieie was an increase of 6.01 per 
cent in 1891, when the output was 525,612 tons ; but tlie years 
1892 and 1893 wall undoulitcdly show^ a maiked decrease. 

Georgia, Colorado, Missouri, and Ohio, each decreased their 
output of iron ore from 1890 to 1891 The ore oi Georgia 
is chiefly (82.04 per cent) lirown liematite, wdth s me red 
hematite. Colorado also produces chiefly broAvii hematite 
(89.46 per cent in 1891), w ith some red hematite and magne- 
tite, the chief supply from this state being used as a flux 
in smelting. Only about 7 per cent of the ore of Missouri 
is brown hematite, and the balance is red hematite. Missouri 
continues to decline as an iron-producer, though not because 
of the exhaustion of its mines. "Jdie most important mine 
of the state is the Iron JMouutain, win since 1847 has con- 
tributed 8,349,086 tons of ore. All of the iron ore output 
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of Ohio is the carbonate, and the iron industry of this state 
continues to decline owing to the poverty of the ores and 
the competition of the Lake Superior mines. 

During ilie year 1891 the supply of red hematite came 
chiefly from the four following states named in the order 
of importance, each of which produced over 500,000 tons: 
Michigan, Alabama, Minnesota, Wisconsin; of brown hema- 
tite, from the tive following states, each of which produced 
over 200,000 tons : Virginia, Alabama, Michigan, Peiins}^- 
vania, Georgia ; of magnetite, from the four following states, 
in each of which the output was over 200,000 tons: New Vork, 
Pennsylvania, New Jersey, Michigan ; of the carbonate only 
one state, Ohio, produced more than 100,000 tons, and the 
other carbonate-producers were unimportant. 

Production of Iron. — In the United States the develop- 
ment of the iron industry is shown in the following table 
for the six leading states : — 


PRODUCTION OF IRON ORE IN THE UNITED STATES. 
Lox(; Tox'i (2240 Lhs.). 



1850. 

- 

1860. 

1870. 

1880. 

1891. 

Michigan .... 

2,700 

114,410 

859,507 

1,640,814 

6,127,001 

Alabama 

1,838 

3,720 

11,350 

171,13!) 

1,986,830 

Pennsylvania . . . 

877,283 

1,351,000 

2, .337,280 

1,951,495 

1,272,928 

New York .... 

40,385 

151,378 

446,945 

1,126,900 

1,017,216 

Minnesota .... 





945,105 

Virginia and West) 
Virginia . ... J 

67,319 

28,109 

84,108 

217,448 

665,1161 


The following table shows the change in rank of the 
iron-producing states since 1850: — 


1 In 1891 West Virginia produced only 0500 tons. 
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I860. 

1860. 

1870. 

1880. 

1891. 

Peniihylvtinia 

PerinsjUaiiiii 

Pennsyl\u]ii:i 

Peiins) Ivaiiiii 

Micliitrati 

Ohio 

Ohio 

M 

Michipjin 

Mah.'iMiii 

KontiK'ky 

New York 

Oliio 

New V(<ik 

reiJii-\ h 

New Jersey 

MielnVun' 

New V<«k 

New Jersey 

New York 

New York 

New Jersey 

iV«\v Jersey 

Ohio 

• Minnesota 


Tims, Michigan, Alabama, and Minnesota have shown a 
remarkable increase since 1870, Pennsylvania a marked de- 
crease, and New Jersey, Ohio, and Kentucky have also 
decreased. The transfer of the ii-on industry from the north- 
ern Apyali. J.:ians to the Lake Supei ior and Alabama regions 
is very striking. In 1889 Michigan luoduced 40. iU ])er cent 
of the iron ore, Alal)ama 10.8*2 per cent, Pennsylvania 10.75 
per cent (in 1870 Pennsylvania inodnced 44 ])er cent), and 
New York 8.59 per cent, the fom* stales combined })roducing 
70.5 per cent of the total output of the countjy, four- 
sevenths of whicli came from Michigan. 

The production of iron ore in tlie Lnited States in the 
decades since 1850 is as follows : — 

PRODUCTION OF IRON IN THE UNITED STATES SINCE 1850. 


1850 

1,500,442 

long tons. 

18(50 

2,a90,485 

. b 1 ( 

1870 

6,250,402 

bl u 

1880 

7,480, 4(U 

U 

1890 

10,270,584 

bi il 

1891 

14,501,178 

tl U 


While the United States exports considerable iron ore, it 
imported in 1892 only about 800,000 tons, and has never 
imported in any one year much over 1,000,000 tons. The 



146 ECOii||ttf GEOLOGY OF THE TTVTTir.n statf-S. 

imported ore comes cliiefly from Spain, Algeria, and Cuba, 
and is used almost entirely for Bessemer steel. 


PKODUCTION OF IRON ORE IN THE WORLD. 



1889. 

1890. 

1891. 

United States . . . 

14,518,041 

10,270,584 

14,591,178 long tons' 

Great Britain . . . 

14,5-f0,105 

18,780.707 

12,987,159 metric tons 

Germany and Luxem- i 
burg i 

11,002,187 

11,400,025 

10,057,521 “ “ 

Spain 

5, 00/, 144 ! 

i 

5,788,000 

4,822,0802 ii ti 


The total production of iron ore for the world in 1890 was 
approximately 55,000,000 long tons. In 1890 the United 
States took first rank as an ii’on-producing country, sup- 
plying 28.9 per cent of all the iron ore of the world. From 
this iron ore, 9,353,020 metric tons of pig iron were produced 
and 4,346,932 tons of steel, no allowance being made for the 
imported ores. The total value of the iron ore produced in 
the United States in 1890 was §33,364,958. 


^ Long tons, 2240 lbs. ; motric tons, 2204 lbs. 

2 The outpat of Spain has increased in 1892 to 5,405,150. 



CHAPTER VII. 


GOLD AND PLATINUM. 

Gold, 

General Statement. — The gold product of the world comes 
chiefly from native gold, which, in most cases, exists either 
in quartz veins oi* in gravels resulting from the decom- 
position of gold-bearing rocks, and the sepai ation and accu- 
mulation the dShriH by running water. Aside from this 
source there is, however, a large supply furnished as a by- 
product in silver and copper mining, and also a smaller supply 
from mines of other metals. So far as we know, the greater 
part of the gold from this source is mixed mechanically and 
without chemical combination, unless an alloy be considered 
a chemical rather than a mechanical mixture. All of the 
gold which is called native contains silver in alloy (usually 
from 8-10 per cent), as well as smaller quantities f other 
metals, and much of the silver ore is gold-bearing. The two 
industries of gold and silver mining ai’e therefore intimately 
related, and are often considered together : but it seems well 
here to discuss the two metals separately. 

Appalachian Gold Fields. — Prior to the year 1848, when 
the gold of California became an important element of our 
mineral wealth, the gold of the country came chiefly from 
the southern states, which pi;oducod over $1,000,000 worth 
a year, but which now, in 1892, have total output of only 
$306,015.96. This marked decrease was due first to the 
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exodus of the miners to the new fields, «and later to the inter- 
ference of the Civil War ; but the gold industry thus para- 
lyzed, again became important in 1870, and since then the 
output has been slowly increasing, excepting during the past 
few years, when there has been a slight decline. The gold 
in this section comes chiefly from South Carolina, Georgia, 
and North Carolina, where it occurs in the belt of talcose 
schists which extend oast of the Appalachians proper from 
these southern states into Canada, being auriferous for the 
greater part of the distance, altliough usually with such a 
small percentage of gold tliat it cannot be profitably ex- 
tracted. If there were ever placer deposits in the northern 
states along this bolt, these were swept away by the glacial 
invasion; but in the southern states placer deposits were 
found and worked, at first, then mines were opened in the 
schists, and now, owing to the introduction of the advanced 
methods of reduction of the more refi‘actory ores, these mines 
are below the water lino. Of the seventy-oiie mines in opera- 
tion in these states in 1889, thirty-one were in North Caro- 
lina, twenty-two in Georgia, and seven in South Carolina. 
Three of these mines j)roduced over i5>20,000 worth of gold, 
and ten between $10,000 and $20,000 worth. It will be 
seen, therefore, that these mines are not very extensive nor 
valuable, although from the seven gold-producing states of 
this section, there has been produced, between the years 
1799 and 1891, about $44,000,000. 

California ftuartz Mines. — With the discovery of gold in 
California, there was a transfer, not only of the industry, but 
also of the miners themselves, from the extreme east to the 
extreme we.st of the country. Not only was there an exodus 
of miners, but hordes of totally inexperienced men travelled 
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to the new gold placers, until, at the close of 1850, it is esti- 
mated that tliere were not less than 50,000 men in the gold 
fields, many of whom earned from 81000 to 85000 a year, 
while some became wealthy almost in a day. The history of 
the excitement of these times, of the development of crime 
and its suppression, the suddenly made and equally suddenly 
lost fortunes, and the hoj)es which were never fiiWilled, fojins 
a most interesting chapter in the history of tlie nation, a par- 
allel of which has probably never before existed. The west 
developed with wonderful rapidity^ from an uninviting almost 
desert region, occupied by savages, to its present state of 
civilization, although even now the effects of these condi- 
tions are manifest in many ])laccs; and, indeed, some of 
the very conditions themselves are still present in some parts 
of the west. It may be said that the west was liteially 
created by the discovery of gohl, followed by that of silver 
and other metals, and the necessary develojmient hr(mght 
about by these discoveries. Nor arc tlie effects confined to 
the west; for the country as a whole lias been greatly bene- 
fited by the production of these vast stores of mineral 
wealth. 

At first the rush was all to the newly discovei.'d gold 
fields of California, hut soon the prospectors found that there 
were almost eiinally rich fields in the intervening territories, 
and the base of their operations spread rapidly over the 
whole area of the Cordilleras. SuiieiTicial stream gravels 
first attracted attention, then the older gravels were dis- 
covered, and soon tlie source of the gold itself, in the rocks, 
was explored, and now the chief supply of the gold comes 
from these permanent and original soUi es. 

In California the gold occurs in the Jura-Trias slates of 
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Mesozoic age, which are folded to form the Sierras and ex- 
tend as highly tilted strata in a nearly north and south direc- 
tion parallel to the axis of these mountains. These slates 
are traversed by quartz veins extending in general parallel- 
ism with the strike and dip of the rocks, but not strictly 
'SO. The largest of these, the so-called “ Mother Lode,” is 
a great q -altz vein, outcropping boldly as a ledge above tlie 
surface, like a great wliite wall, and extending parallel to 
the axis of the Sierras for a distance of seventy or eighty 
miles from Mariposa to Amado. It is not, strictly speaking, 
a continuous vein, nor is it everywhere productive, but it 
varies in width from six to sixty feet, and consists of a series 
of veins, pinching-out or ending in offshoots, with frequent 
barren spaces. Other smaller veins are found in general 
parallelism with this. At tlie surface the quartz is semi- 
transparent or translucent and usually iron-stained by the 
rust of the decayed iron j^yi-ite which it originally contained. 
Below the water line the* quartz is found to contain iron 
pyrite, copper pyrite, zinc blende, galena, and other minerals; 
and in all of these sulphides, as well as in the quartz itself, 
gold is found, sometimes in flakes and grains, but often in 
microscopic quantities. By the decay of the sulphides, cavi- 
ties, usually iron stained, are formed, and in these, as also in 
the quartz itself, the gold is found in the surface ledges. 
The typical surface gold-bearing veinstone in this region is 
therefore a cellular, iron-stained, translucent quartz. 

This was the first ore discovered by the gravel-washers, 
who, finding that the placer deposits occurred locally, natu- 
rally looked about for the soui-ec of the gold. The discovery 
of these ores marks the second stage in tlie development of 
the gold industry of* the west. When the auriferous quartz 
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ledges were mined and crushed, and extensive hydraulic 
works established for washing gravels on a large scale, the 
individual prospector began to be replaced by mining com- 
panies, although, even to this day, the prospector may still 
be seen washing the stream gravels in California and else- 
where in the Cordilleras. With the establisliment of com-* 
panics, extensive plants were constructed for crushing the 
quartz and removing the free gold by concentration and 
amalgamation; but when the water line was passed and the 
undecomposed sulphides encountered, new metliods needed 
to be introduced, and the third or present state of the gold- 
mining industry of California was reached.^ Low-grade ores 
of this carry from 83.50 to 8H.00 of gold per ton, and 

high-grade ores yield from 815.00 to 830.00, while t!»e aver- 
age is probably from 810.00 to 81-.00 a ton. Ily the new 
and more economical processes, ore hid i a few years ago 
was considered worthless, can now be worked, since nearly 
everything is saved, whereas formerly mucli gold was wasted. 
It was for this reason that miners believed that the ore 
decreased in quantity as the lode extended into the earth. 

The description of this mining itgion applic- almost 
equally well to the majority of the mines of the country, 
and, indeed, of the world, where the ore is prin.arily gold. 
Still, at times, the gold is found in otlu-:' occurrences, as, 
for instance, in the Spanish mine at California, where it 
occurs in a bed of steeply dipping soft slates, which are 
traversed in every direction by small quartz veins. Here 

^ A very complete description of these in’ocesses of ^old reduction, the 
chlorination and cyanide processes, will be found in The Mineral Indi.stry, 
etc., 1892, Kotliwell, pp. 23:1-270. A very i^ooti description of the general 
process of gold-inining and reduction may lie found iii the Eleventh Census 
volume on Mineral Industries^ pp. 
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the metal exists not only in the quartz, but also in the 
j)artings between the veins and the country rock, and even, 
ill small quantities, in the slate itself. In El Dorado County 
there is another mine, the Dalmatia, which is worked at low 
cost owing' to the softness of the rock, in which the occur- 
rence of tlie gold is sliglitly irregular. A band of cliloritic 
schist, he. 'ing a widtli of about 125 feet and bounded by 
clay slate, is crossed by gold-bearing quartz veins ; and the 
entire rock is so badly decayed and so soft that, owing to its 
width, tlie deposit is quarried in an open pit. Both the 
quartz and the schist are obtained and crushed, and the mine 
pays although the rock carries only from {^>1.50 to (ii^2.00 
worth of gold to the ton. 

What the origin of these gold deposits is cannot be defi- 
nitely stated. For many years the ‘•Mother lAide ” lias been 
used as a typical illustration of the segregation type of vein ; 
but recently^ it has been proved that the vein crosses the 
slates at an angle to the structure, and is thci’efore unlike a 
tyi)ical segregation vein. Yet it has never been shown that 
his lode is a true lissui e vein, and it is surely not an eru[)tive 
deposit. In spite of the recent observations it still seems 
that these quartz veins must be of segregation origin. The 
rocks in which they occur were deposited in Mesozoic 
times and have been metamorphosed to their present condi- 
tion by the folding of the Sierras, of which they form a part. 
It seems not unlikely that the quartz veins are one of the 
results of this nietamorj)hisrn ; and the fact that the gold is 

found also in the enclosing slates and schists seems to indi- 

* 

cate that it \Vas originally a part of the sediment out of 

1 Fairbanks, Geology of the Mother Lode Gold Belt, Ain. Geologist, 1891, 
Vol. VII., pp. 209-222. 
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wliich these rocks were built, having been during their meta- 
morphism gathered together in flakes and tiny bits both in 
the rocks and in the quartz veins wliicli have l)een formed. 
Exactly the same process is seen in many slates wlieie, by 
metamorpliism, iron pyrite is gathered into ei ystals and 
accumulations of eiystals, both in the massive slates and along 
the cleavage and joint planes, as well as in veins of (piailz 
and calcitc which traverse the slates. Althuimh it cannot 

O 

be said that we definitel}" understand the ])r()cess by whieJi 
the gold has been accumulated, it may l)ti stated that the 
process of segregation seems best to account foi* all the facts 
observed. 

California -"auriferous Gravels. --By the disintegration of 
the slates and quartz veins through a h)ng period of time, 
the more easily destructible mineials, together with the light 
but chemically durable quartz, have been (tarried off, while 
the heavy, indestructible gold has in part I’emained behind 
and accumulated in the river gravels. These pla(*er deposits 
are of two kiTids, — those whicli have accumulated in recent, 
and those which were formed in old and now extiitct river 
beds. During the Tertiary period the Sierras, wb h had 
then attained much of their growth, were subjected to long- 
continued denudation, the rocks were gradually WvU’ii away, 
and an extensive series of well-developed valleys were 
formed, extending from the mountains out upon the plains 
at their base. It thus happened that by a process of natu- 
ral hydraulic concentration gold was accumulated in these 
valleys, particularly on the more level plains at the base of 
the mountains where the river currents were slackened. 
But for a subsequent change, however, these accumulations 
might have been gradually swept seawards and liave been 
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lost. During the close of the Teitiaiy peiiocl the remarkable 
outbuist of volcanic activity, which evtencled ovei the entire 
Coidilleias, and has onlj in lecent times ceased, sent floods 
of lava out upon tlie suiface and these natuially souglit the 
valleys as the easiest diiection of flow. Thus many of the 
vallejs weie flooded vmIIi lava, Avhicli foiced the stieams to 
caivc ne V channels, and which, when it cooled, formed a 
durable piotection to the soft and easil} lemoved giavels. 
As the icsult ot subsequent eiosion the river valleys weie 
chiefly foimed at the side of the la\a flows, and because of the 





Fi(» lo Cioss Nu tioii of r ibk Mount un, C ilifoim i showing: auriferous gravels 
(Cr) heriLalh has lit (7jj 7“*, pipe c*U> 7 tuiinil C ( ontinu ition of an( loiit 
villty, -1, slitts 77, rectnt ri\cr coiittining gold bearing giutls (After 
Whitnej ) 

hard lava-c<ipping, the old stream beds became lava-capped 
hills consisting in pait of gold-beaiing gia\cls^ (Fi?* 1^0- 
These Imiied ancient iivei gia\els aie now mined, partly 
by hydiaulic means, paitly by tunnelling; and the gold is 
found, just as in the modem valleys, in sjiots, oi in “pay 
streaks,” in what aie called “pay giavcls” in distinction 
fiom the uniemunerative gravels which jiiedominate and 
contain either very little oi no gold. The giavels are some- 
times from 150 to 250 feet thick, and in the famous Table 
Mountain of Tuolumne County the basalt covering is 150 

1 These were once supposed to be marine gravels, but are now known to 
be river gravels because of their structure, character, and fossil contents. 



GOLD AND PLATINUM. 


155 


feet thick. Five conditions luivc tlicrcforc conspired to bring 
those accumulations of gold-bearing gravels into tlieir present 
position : (1) the chemical dceoinposition of tlie ii on pyrite 
and the mechanical destruction of llie auriferous quartz ; 
(2) heavy valley grades in the mountains and a decreasing 
slope on the plains ; (3) large quantities of water; (4) along- 
continued time for action ; (5) the protection from subsequent 
destruction furnished by tlie basaltic lava flows. 

Partly by tlie working over of these old liver gravels 
in the new streams, and partly by a new siqiply furnished 
them by the subsec^ucut disinlegration of the gold-bearing 
rocks, the placer deposits which were first discovered, and 
which cx^'^'d all of the states and territories of the (.'or- 
dilleras, were formed. The amount of gravel which has 
been washed by hand and liy hydraulic processes can be 
realized only by actually visiting the region. Millions of 
dollars’ worth of gold have been taken from single wash- 
ings, and cities (^such as Helena, Moniana) have been built 
upon the sites from which the metal was won. Associated 
with the gold in the gravels, platinum and the ])recious 
stones, diamond, topaz, and sa])t)hire, ixave been c* asion- 
ally found, although until recently no systematic opera- 
tions for their recovery have been instituted. 

At first the gravels were washed hy Irand, but it was 
not long before such a simple process was found to be too 
slow a road to wealth, and the pros])ectors invented the 
process of hydraulic mining (Frontispiei'o) ^ in imitation of 

^ Descriptions of tlie pold fields, particularly of the ^old jiravels, and 
the mode of extracting the metal from them, will he f(niiid in AVhitm y’s 
Auriferous Gravels^ Metallic WeallJi of the U ed States, The United 
States^ pp. i309-3o9 ; and also in the Kleventli Census volume on Mineral 
Industries^ pp. 100-108. 
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the more extensive but very similar method of concentra- 
tion whicli nature liad long made use of in accumulating 
the gold gravels. A stream of water is led to the gravel 
deposit and directed against the bank, washing the tJSbris 
into sluices, where the gold collects behind riflles, and is 
held in amalgamation by mercury, while the lighter minerals 
and frac aients of rock pass onward. In order to obtain 
sufficient water and a sufficient force, pipes are con- 
structed, often for a distance of many miles and at great 
expense, bridging valleys, passing through tunnels, and 
even crossing divides. Where the hydraulic mines have 
been abandoned, these expensive works still remain, in 
many places the only sign of the former gold-mining 
operations, if we except the stream bed littered with 
gravel, and the partly destroyed gravel banks. Sometimes 
towns, whi(*h grcAv up almost in a day, are now fouird 
abandoned near these deposits. 

An ingenious contrivance known as the hydraulic elevator 
is sometimes used for washing gravels situated in low jdaces. 
By means of this the gravel is forced U[) hill by a powerful 
current of water, and then the gold is obtained. 

Hydraulic mining in California very cpiickly found an 
enemy in the farmer vho dwelt upon the stream below 
the sluices ; for, by the immense amount of gravel which 
was washed into the streams, their farming lauds and farm- 
ing operations were seriously interfered with, and it soon 
became a cpiestion which should survive in these places, 
the farmer or the miner. The question was settled in 
1884 in fav(imr of the farmer by an injunction, issued by 
the United States Circuit Court, which caused many of the 
hydraulic mines to suspend operations; and more recently 
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this has been extended by state legislation adverse to the 
hydraulic mining industry. Owing to this set-back, hydrau- 
lic mining fell to a comparatively uniinportaut place in 
the gold-producing industry of .California, wliile at tlie 
same time quartz mining increased. Within a year or 
two, the Circuit Court having modified its injunction, a 
number of the abandoned hydraulic mines have commenced 
operations again, and the future of tliis industry seems good. 
It is now proposed to construct dams below the sluices, 
under the direction of government engineers, and thus, by 
forming catchment basins, to save the farmers from the 
flood of sediment and its destructive effects. 

Origin of ^Jnggets. — In placer dei)Osits the gold is found 
chiefly in small flakes and grains, but sometimes large 
pieces called ‘‘nuggets'’ are discoveied. It has been sug- 
gested that they are formed bv some chemical change 
during or after the accumulation of the gravels, but for 
various reasons this seems imi)rol)able. The most i)robable 
origin of nuggets is by actual derivation from the quartz 
veins, although perhaps their size has been increased by 
the welding of one fiagment to ajiwiher as tJ- v pass 
down stream in company with small pebbles, anu even 
large boulders. A gold mass weighing 500 ounce, lias been 
found in one of the quartz veins in Victoria ; but this is 
small compared with the two large nuggets from the same 
region, one of which, the “* Welcome Stranger,” weighed 
2280 ounces, and the other, the “Welcome Nugget,” which 
contained 21 GO ounces of gold and ten })Ounds of quartz 
and other gangue minerals. That they arc derived from ihe 
veins seems shown by the fact that ney usually contain 
some quartz, and that they are generally rounded as if rolled 
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about in the stream. The discrepancy in size suggests the 
welding of fragments of gold, although it does not prove 
it, for large nuggets are rare, and the gold gravels repre- 
sent in a small sptice the accumulations from the destruction 
of large areas of quartz, while the actual mining opera- 
tions in the veins are of com2)arativcly limited extent. It 
is ipossib e fheiefore that fragments as large as the largest 
nuggets may yet be found in the quartz veins. 

Other Western Gold Fields. — The other states and ter- 
ritories of the Cordilleras have gold-bearing gravels and 
auriferous quartz in very nearly the same mode of occurrence 
as in California, and it would be mere tedious rei)etition to 
describe other mines of this region, although there are some 
points which need to be mentioned. Coloiado is second 
in importance as a gold-2)roducing state and ranks first 
as a producer of tlie 2)recious metals. Both placer and 
quartz mines are worked there, some of the latter being 
free-milling and some mixed with suljdiides, just as in 
California. A vgry considerable jiercentage of tlie Colorado 
gold comes from the silver mines, from wliich it is j)roduced 
as a by-product. South Dakota, chiefly tlie Black Hills 
district, also produces gold from the same sources, and here 
also there is an interesting occurrence of gold in Cambrian 
sandstone derived from the disintegration of the Arehean 
rocks in early Palaeozoic times. Montana, Nevada, Idaho, 
Oregon, Arizona, New Mexico, and the otlier states and 
territories of the Cordilleras illustrate the same modes of 
occurrence, but here the output is less than from the above- 
mentioned states. In Montana, in addition to the placer 
and quartz deposits, there is much gold produced as a by- 
product from the silver and copper mines. 
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Nevada continues to fall in imj)ortance as a gold as 
well as a silver producing state. The gieater number of 
the mines of Nevada, aside from those* on tlie Comstock 
Lode, are silver mines, and hence the chief gold supply 
from this state comes from tlie Comstock. This mine, which 
is described in tlie cliapter on silver, in 1891 had an 
output of only '5^1,200,000 of gold, although at one time 
the output exceeded '5'*! 4,000,000 in a single year (1877), 
and between the years 1859 and 1891, inclusive, there has 
been produced from this lode 8140,771,979 of gold. Aside 
from the occurrences of gold described above, in all the 
states and territories this metal is found in eruptive I’ocks, 
porphyries’, g^vvuifes, dioriles, etc., sometimes disseminated 
and sometimes in quartz veins which traverse them, chiefly 
in the latter. Cold is also found as the telluride, but the 
typical mode of oceurrenee in the ro('ks is in the native 
state associated with sulphides in quartz veins traversing 
metamorphic and igneous rocks. 

Such wonderful ‘Mumanza" mines as the Comstock are, 
of course, liable to be found at almost any time, but at 
present there are none in operation. In ail of the sta s and 
territories new mines are being opemal, and many of tliesc, 
together with the older om‘s, are being operated upon an 
economical and scientilie b.isi.s. On the .vhole, although 
the output of gold is not rapidly increasing, it has in the 
past decade more than held its own, and the future seems 
very promising. The bright outlook for the future of gold is 
increased by the recent disastrous drop in the price oi silver^ 
and the consequent suspension of operations in some of the 
mines, which will serve to direct the em.gies and capital of 
1 The fall in price in the early suiniuer of 1893. 
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many from silver to gold production. The industry of 
gold mining may ^low be said to be more than a mere 
speculation, or a game of chance, for it lias become a 
business, as safe, where properly managed, as any other 
mining industry. 

Alaskan Gold Mines. — One of the most striking develop- 
ments o: gc5ld mining in this country, in the past ten years, 
is the opening of the Alaskan lields. For a number of years 
prospectors have panned gold from the rather limited gravels 
of this region, but it has been within only a very few years 
that actual mining operations have been begun. Now mines 
are opened in many parts of the territory, but chiefly along 
the coast line. The prospectors are now at work in the 
interior, in the valley of the Yukon, and they report valuable 
deposits of gold in this region ; but mining there is difficult, 
owing to the shortness of the season, the cold and disagree- 
able Aveather, and above all the difliculty of obtaining a food 
supply. At present tlu; most iiu])ortant district in Alaska is 
Douglas island, vhere the I'readwell mine is situated. Here 
placer deposits were discovered in 1881, find upon their re- 
moval a low-grade gold-bearing quartz was found beneath. 
The ore and gangue consist of quartz and calcitc carrying 
free gold and gold-bearing iron pyrite ; and everything between 
the walls, ivliich are »550 feet apart, goes to the stamp mills, 
the ore being mined, or rather quarried, in large open pits. 
It is worthy of note that 240 stamps arc constantly at work 
whenever there is sufficient water, and steps are being taken 
to improve the water supply, so that they may woik steadily. 
Other districts are being developed, and there is every 
reason to expect that gold mining will serve as a means 
of opening to settlement a large part of this domain, as it 
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did our great western country, with such wonderful rapidity, 
in the middle of the century. 

The following tabic shows the remarkable development of 
the industry in Alaska, but it does not represent the actual 
output of gold, since many individual placer-miners carry 
their gold to San Francisco. 


PKODUCTJON OK GOLD IN ALASKA." 


1880 

, SO, 000 

J88-1 i 

i .$200,000 

188S 
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1881 1 

15,000 


.300,000 

1880 

004,000 

1882 

150,000 

18S0 

41(>,000 

1800 

702,000 

1883 

300,000 

1 

1 

1887 

075,000 

IHOI 

000,000 


Foreign Gold Regions. — AustraLii^id. Second in impor- 
tance to the United States is the Australian gold region, the 
discovery of whi(di followed closely upon the opening of the 
California fields. In 18dl gold Avas first discovered in Vic- 
toria, and until 185G, when llie richer alluvial deposits began 
to be exhausted, the output rapidly increased ; but since 
then there has been a decrease in production, altlp- gh the 
quartz mines liave increased in number and product. Dur- 
ing the years 1855 to 1857 the oiit})ut Avas in each year 
over X11,000,000 sterling, but in ISfil i^ Avas only about 
£2,300,000 sterling. As yet the methods of ore reduction 
arc not as advanced as those of the United States, so that 
the full capacity of tlie mines is not fairly tested, and 
because of insufficient slope the process of hydraulic mining 
is not extensively used. There arc soviual districts in Vic- 
toria, of Avhich tAVo, Ihillarat and Sai Ihurst, are the most 
important. The mode of occurrence varies slightly, but 
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beara a maikecl reseiiiblance to that of California, the gold 
being found in auriferous quartz, old river gravels, and new 
river gravels. Usually the quartz veins traverse diorite, 
granite, and sandstone, but the rocks are of Palteozoic 
instead of Mesozoic age, as in California. It is supposed 
that the quartz veins are of segregated origin, and that the 
supply o' g©ld comes chiefly directly from the eruptive 
rocks. Ihjtli llie recent and ancient (Tertiary) river gravels 
very closely resemble those in California, the latter even to 
the fact that they arc covered by lava flows. Here, how- 
ever, o^^ing to tlie difference in erosion, the gravels are 
exploited by means of shafts, instead of tunnels, and the 
mines are drained by pumps so that gravel mining is much 
more difficult here than in California (Fig. 17). From all 
the mines in Victoiia, between the years 1851 and 1891 
inclusive, £229,787,892 sterling of gold have been produced. 

New Soutli Wales has gold occurrences of almost exactly 
the same character. Here gold is also found in the consoli- 
dated conglomerates of the Carboniferous period, showing 
that at this time conditions of accumulation existed which 
were very similar to those prevailing in the Tertiary period. 
From tliis countj^r, in the forty-one years succeeding 1851, 
the gold product has been wortli £38,633,489 sterling. In 
New Zealand the same occurrences are noticed, and, in addi- 
tion, some gold is obtained from the seashore sands. The 
river gravels are sometimes consolidated, and it is then nec- 
essary to crush them as in tlie case of tlie quartz and the 
Carboniferous conglomerate. Since 1857 to the close of 
1891 New Zealand has supplied gold to the amount of 
£47,433,077 sterling. Gold is found in Queensland in 
quartz veins travei’din^ Devonian slates as well as in gravels. 



GOLD AND PLATINUM. 


163 


and this country has produced ^28,052,199 sterling of gold. 
Tasmania has gold in the same modes of ocjciirrence, and 
although the output is comparatively small, tlie futuie seems 
good. South and Western Australia are also gold-])roducing 
regions, but they are of less importance than thj other sec- 
tions. Although at present Australasia is second in impor- 
tance to the United States as a producer of gold, there have 
been years since 1851 when the United States was of second 
rank. Yet the total output of gold from the entire Aus- 
tralasian region which, between 1851 and 1891 inclusive, 



Fig. 17. — Section showing tlic position of tlie golil-bearitig gravels in New Sontli 
Wales. A, gold-bearing gravels; basalt; C, clay strata; P, Palieozoic 
strata. 

amounts to fl, 690, 137, 137 is romewhat less than tt output 
of the United States for the same period of Ifme. 

Russia and Siherta. — Before the discovery of gold in Cali- 
fornia, in 1848, the Russian empire held first place as a gold- 
producing region ; but it soon fell to second rank, and after 
the discovery of gold in Australia, to the third placf', which 
it now holds. The production of gold in the Urals began in 
1745, from the placer deposits in 1774, and since 1822 the 
output from the placers has exceeded that from the quartz 
mines. In eastern Siberia gold was dK•^covered in 1704, and 
placers in 1829. Since then, this, the most important gold 
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district of the Russian empire, has been chiefly a region of 
plaeer mining. Tliere is also an important district in the 
Altai Mountains in western Siberia, and gold is produced 
also in Finland and in the Caucasus Mountains. Gradually 
the mining •centre has been transferred from west to east, the 
source being chiefly recent river gravels, new deposits being 
disco vei'. d as old ones were exhausted. The quartz veins 
wdiich are iron pyrite bearing, and occur in highly inclined 
crystalline schists, are exploited on a very moderate scale, 
but with the introduction of improved methods and machin- 
ery these will doubtless be more thoroughly developed and 
become an important source of gold. Russia, in 1822, pro- 
duced JjoSoJOo worth of gold, and this output increased 
gradually to •'5^0,000,000 in 1842, since which time it has been 
gradually increasing, with some fluctuations, until 1891, 
when the product amounted to t'?24,131,600. During the 
years between 1878-80, inclusive, tlie annual output ex- 
ceeded -928,000,000, and in 1883 dropped to a little over 
919,000,000. 

South Africa}} Fiehh. — A most important gold field has 
been very recently developed in South Africa. This field 
was discovered lii 1884, in the Transvaal, and active opera- 
tions were begun in 188G, since which time the district has 
literally jumped into the foui th place as a gold-producer, and 
promises to reach a still higher position. Here, in nearly 
vertical strata of sandstones and shales, are beds of conglom- 
erates, varying in colour and texture and being frequently 
auriferous. Some of these beds are 200 feet wide, separated 
by thin quartzite partings, both rocks being auriferous. 
Above the water line the gold is free, but below this it is 
found in pyrite, and the chlorination process has been intro- 
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duccd for its reduction. It is predicted tliat tliis region will 
continue to rapidly increase its output; and the phenomenal 
development shown in the following table lends probaljility 
to this prediction. The output fioin the South African gold 
fields since 1887 is as follows : — 


1H87 $7o:),212 

1H8H 

1881) 7. H:n, <;(;:] 

181)0 0,^10.1)01 

1801 14,ll4.00:i 

1802 22,128.1)0 1 


Total 858.2(;5,1)88 


Of this output, the greater ])art comes from one district, 
the Witwatersrand, which in ISD'J produced ^21, 190,085, and 
of the total has produced all but al)out 85,500,000. Some 
gold is found in other parts of Africa, and no doubt this 
metal wiW 1)0 discovered in the interior if there are any 
mountains of mctamoiphic rocks. 

Other European and Amitic i^ountria^, — Although nearly 
all European countries produce soiiiu gold, none osidcs 
Russia arc of much im])ortance in this respect. iVustria 
supplies some gold as a by-product fiom the anti.nony and 
silver mines. Hungary is of inucli more in.portance in this 
respect, and the greater part of tliis metal accredited to 
Austria-Hungary comes from the latter. Here the quartz 
veins occur in eruptive rocks, usually in porphyry, of 
Tertiary age. A very little gold is produced in (xermany 
as a by-product from the silver and other mines, but this 
country is of very little importance ii. this respect. Con- 
siderable gold is smelted in (icrmany (in 1891, 82,141,998), 
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but a large pait of this is foreign ore sent for smelting from 
South Ameiica aiul elsewliere. In Asia, Cliina is next in 
im])oi lance to Siberia, as a golcbprotliiciiig country, but wo 
know little about its occurrence. Japan also produces some 
gold, but ,ucxt to Cliipa, Ib-itisli India is most important. 
Thcj’c are several gold lields, but oiily one, tlie Mysore 
piovinci is" of much impoitance. lleie the ore is found in 
quartz veins in tiap dikes which traverse metamorphic i-ocks. 
Between tlic 3 ears 1S88 and 181)2 the output of India 
incieased fiom '^600,866 to $^2, 955,620, the greater part of 
wliich came from ilysorc. 

South rican Count — South America, which, during 
the sixteenth and sc\cuteeuth centuries, was of such impor- 
tance as a source of the piecious metals, lias fallen in rank, 
and is now of little impoitance in inlliieiieing the woild’s 
suppl}’, although tlieie aie still good stores awaiting dcveloj)- 
ment wlien the socitil conditions bci*ome inoie stable. At 
pieseiit, Colomlaa and Cluli aie the only important gold- 
producing countiics on this continent; bnt Peiu, Biazil, and 
Bolivda eai‘h procUu-e some. Since 15'>T Colombiii has had 
an average annual output of gold e\cc(‘ding xl, 000,000, and 
often exceeding !^3,000, 000. Moic gold lias come fiom this 
countiw than fiom aii}^ other in South America, — between 
the years 1537 and 1891 the pioduct having amounted to 
nearly $900,000,000. Brazil lias produced gold since the 
seventeenth centuiy, and its total output has been not far 
from $700,000,000 or $800,000,000. Between the yTars 1741- 
1760, the average annual output exceeded $9,000,000, al- 
though it is now less than $1,000,000. Bolivia, although a 
producer of gold since 1545, has never had a great output, 
the annual average rarely exceeding $1,000,000 ; but the total 
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production since 1545 is probably not far fi oin '^200,000,000. 
The annual output of gold in Chili since 1545 lias fre({ueiitly 
exceeded $1,000,000, but Peru has been of less importance. 
Before the discovery of vVnierica, there was consideralde gold 
in circulation in both Europe and Asia,^ the sin)[)ly liaving 
come chiefly from the latter continent. Soon, liowever, the 
New World became the source, and until the present century 
the supply came cliiefly from Soulli America. It is probable 
that since 1545 considerably nioi-e than $2,000,000,000 worth 
of gold have been produced in South Ameiica. 4'htj mode 
of occurrence of this metal in these countries is very 
similar to that of the gold elsewhere, and needs no especial 
descriptiviu, 

Mexico ami Canada, — Mexico has been a surprisingly 
unimportant producer of gold; but when the similarit}' of 
the Mexican and Cordilleran geology is considered, we are 
forced to conclude that this is due, not to the lack of supply 
of gold, but rather Lo the character of tlie ]icoplc and their 
failure to discover and work the de[)usits which must exist. 
The country has never produced much; but wlien the indus- 
trial conditions of this republic have been impiove: to the 
modern standard, and inaccessible regions have been opened 
to exploration, it may be expected that a ilevch^pmeiit of 
mineral wealth very much like that of our own country will 
result. Very nearly the same remarks hold for Canada, 
although this country is somewhat in advance of Mexico. 
In 1S68 Canada produced over $4.<M)0,0(>0 worth of gold, but 
the output has steadily decreased since then to onh^ $925,486 
in 1891. At present only a. small sunjdy comes from rhe 

* One estimate places the amniiiit in eiiciilatioii in Kuropc ill 1492 at 
«193,000,000, and in Asia, §1,509,000,01)0. 
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western provinces and fiom Nova Scotia, where the gold is 
found in the Cambrian slates and quartzites in iron pyrito 
bearing quartz veins. The Canadians have been remarkably 
tardy in exploring their western reserves, but the little 
exploration, which has been done has shown the existence 
of valuable deposits of the precious metals. Since gold is 
found in ill of tlie states from Mexico to Canada, including 
the bordeis states, Montana, Idaho, and Washington, and also 
in Alaska, it may be safely predicted that the intervening 
territory is also gold-bearing. As j'et no important develop- 
ments have been made, but no doubt the next fifteen or twenty 
years will witness marked changes in this respect. 

Origin of Gold Deposits. — In review, attention should l)e 
called again to the remarkable uniformity of occurrence of 
gold. Perhaps the greater part of tlie supply comes from 
gravels of Tertiary or Recent age, formed from the disinte- 
gration of gold-bearing rocks and veins, and accumulated by 
reason of the greater spccilic gravity and durability of the 
gold. Allied to these deposits is what is perhaps the tbii'd 
most important mode of occurrence ; namely, in consolidated 
gravels of an age greater than the Tertiary. These were, 
prior to the development of the South African gold fields, 
illustrated in Australia by the gold-bearing Carboniferous 
conglomerates, in the Black Hills by the auriferous Cambrian 
sandstone, and by other similar deposits elsewhere ; but now, 
owing to the development of the South African fields, this 
class of gold occurrence has become of great importance. 
Whether these conglomerates are of marine or river origin 
cannot be said, althougli it seems probable that future studies 
will prove that they were originally river gravels worked 
over by the sea. Our information concerning these fields is 
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extremely meagre ; and any statement of origin must, there- 
fore, be tentative. Still, their apparent unifonnily of extent 
indicates marine origin, and the (juaiitity of gold suggests 
the intervention of rivers; for althougli it is possible that 
they may have resulted from the desiructioji of gnld-l^earing 
rocks by the ocean waves, it seems much more piohahie lliat 
they represent a deposit, Jiot unlike the aurifej-oi?s giavels of 
Ckxlifornia, hurriedly worked over b^^ a sea encroaching upon 
a sinking land. 

The second most im])ortant mode of oecurronce, or ])er- 
haps even the most important, is in auriferous-rpuirtz, asso- 
ciated with iron pyrite. There seem to be two types of this 
oecurrenv.u, tlie ')]ie connected with ei'iii)tive rocks, the other 
with sedimentary strata ; and in botli eases .sc'gregation ap- 
pears to be the method of accumulation. There can be little 
doubt that tlie original condition of the gold was in dis- 
seminated form in eruptive rocks and tliat when associated 
witli eruptive roidcs these were generally the immediate and 
primary source. Where bedded with and occurring in sodi- 
inentary strata, such as slates, it is very probable that the 
gold was placed lirst in the slates by me disintegi ion of 
eruptive or otluu* gold-lnxiring rocks, [ind later gathered 
together from this secondaiy source. Since gold v/cours dis- 
seminated in eruptive, sedimentary, and nietamorphic rocks, 
it is natural to exi)ect that it Avill he touiid in other elasses 
of deposits than those of segregatit'u origin. Tlu* author 
knows of no case where any other origin than that of segre- 
gation is proved, in wliieh gold is tlie primary product : but 
the fourth important source of gold — namely, that of ass H*i- 
ation with deposits of other metals — I uriiishes illustrations 
of this class of deposits which arc ijohl-hvaring. 
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Why g( )l(l, as the priinaiy ore, is not found in other modes 
of ocelli reuce than segregation (excepting the mechanical) 
is dinieult to explain, although it may be due to the fact that 
this metal forms piactically no combinations with mineralizers, 
and, being nearly insoluble, is taken into solution only in 
small quantities, and forms, therefore, but a small proportion 
of the miiieml contents of those \eins in wliich the minemls 
are more soluble. During metamorphism the agents at work 
are more powoiful, and gold may therefore be segregated, 
together with iron pyrite, qiiaitz, and other minerals in 
smaller quantities. In any event there is an intimate rela- 
tion between gold, quartz, and iion pyrite. This theory is 
offered without insisting mion its accuracy, since the true 
solution of the i)i()blem may depend upon changes and 
agencies much nioio diflicult of explanation. 

Uses of Gold. — (rold is used almost exclusively for a 
medium of exchange and for show utensils and ornaments. 
The brightness of the metal atti acted the attention of the 
eaily people and 'vl^ages, wlio made ornaments fioin it. Its 
rarity has added to its \alue for this purj)ose and has caused 
gold to lie adopted as a medium of cxtdiange, in and between 
nations, since very early times. In a lOugh way gold was 
used for this purpose even in Homeric times, and when 
Caesar invaded Great Biitain he found gold coins in circula- 
tion among the Britons. Aside from tliese uses, gold is 
employed to a considerable extent in dentistiy and in an 
alloy for tlie better class of gilding; but ordinary gilt paper 
contains no gold. 

In the arts the use of gold depends upon its brightness, 
‘freedom from tarnish, and remarkable ductility and mallea- 
bility, which permit it to l^c easily worked. Pure twenty- 
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four carat ^ gold is entirely too soft for use, and all that we 
use is alloyed with other metals. Even free gold in nature 
is never pure, but geiuually has from eight to ten per cent 
of silver in alloy. By alloying with silver and copper the 
coinage and oi’iiarnental gold is made harder, but tins is 
rarely more than eighteen carat gold, and usually much less. 
Coloured gold, whicli is sometimes used in fancy jewelry, is 
made by alloy with different metals. With copper a dark 
yellow and reddish yellow is produced, tlie intensity of the 
colour varying with the i>crcentage of copper. Silver and 
gold make a greenish and pale yellow metal, and iron gives 
to gold a grayish colour. An extremely small percentage of 
lead makois g’dd brittle and destroys its ductility, and an 
alloy of gold, palladium, silver, and copper makes a brownish 
red compound wliicli is so hai*d that it is used for bearings 
in fine watches.'^ 

It is in coinage tliat gold finds its most important use, and 
it is a striking fact tliat from the very earliest times this 
metal lias remained of value for lliis purpose, notwithstand- 
ing the remarkable lliict nations in prodiietion. When gold 
began to be produced abundantly from l alifornia a. Aus- 
tralia, in the decade following 18o0, it was predicted that 
tins would necessitate a reorganization of the cnuTency of 
the world. During the decade 1881-40 the mean annual 

^ Gold alloys *‘arc coiisidm*d as consisting of so many carats to the unit, 
the pound or halt pound hoiiig divided into twenty-four carats, each of which 
contains twelve grains. 'Vhat is PTined eightc'cn carat gold is a unit of 
twenty-four carats of alloy containing eighteen carats of gold and six of 
copper.” — lluANNT, Metallic A/Zoys, p. 331. 

2 Brannt’s Metallic is a valuable refer, ‘c book for a description 

of the alloys of different metals, and lliorns’ Mixed Mctala will also be found 
of value ill this coimoctiou. 
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product of gold in the world w^as 20,289 kilogrammes, during 
1841-1850 the annual average was 54,759 kilogrammes, and 
between 1851-1855 the average was 190,388 kilogrammes per 
year. But all the gold produced has been easily absorbed, 
partly because of the increase of business between nations, 
and partly b}^ reason of the increasing demand for gold in 
the arts. Whereas a half-century ago only the wealthy 
could afford gold utensils and ornaments, now these, either 
in plated or solid form, iind their way among even the poorer 
classes. 

The gold coinage of the mints of the United States has 
fluctuated rcmarkabl)' since the Union was formed. Before 
1833 it reached 81,000,000 in only one year (1820), but 
since then more than 81^000,000 dollars have been issued 
each year. Since 1850 the coinage has never, in any one 
year, fallen beUjvv 814,000,000, and in 18()3 it reached 
883,000,000, and in 1881 890,000,000. In 1892 tlic gold 
coinage amounted to 834,787,222.50. The four leading 
gold-coining countries in 1891 issued gold as follows : Great 
Britain 832,720,033, United States 829,222,005, Australia 
(considered as a whole) 820,389,014, Cicrmaiiv 814,277,220. 
No other nation issued more than 84,000,000 of gold. In 
1889 the United States exported nearly 851,000,000 of gold, 
of which 8 38,000,000 was domestic. In 1892 over 87G,- 
000,000 of gold were exported, and 817,000,000 imported. 
These figures .show notliing with reference to tlie output 
of the country, but tlu'y do show the great amount whicli 
is used for coinage, and the way in wliich gold passes from 
one country to another by reason of slight changes in value 
or other economic causes. Much of the gold coined in any 
one year is recoined gold. 
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Production of Gold. — The following tables give some 
instructive statistics for the gold production of the states, 
tlie United States, and the world ; — 


PRODUCTION 

OF GOLD IN THE 

UNITED Sr 

VARIOUS 

ATKS. 

STATES 

OF THE 


1877. 

1880. 

1885. 

1887. 

1891. 

California . 

l$l 5,000,000 

7,51)0,000 .$]2,700,0()0 $ 

i:!, 400, 000 812,000,000 

C\aorado . . 

:i, 000, 000 

:i, 200, 000 

4,200,000 ; 

‘1,000,000 ‘ 

4 , <> 00,000 

1 )akota . . 

2,000,000 

:],00f),0()() 

:j.200.000 , 

2 , 100 , 000 ! 

.‘5,550,000 

Montana . . 

200, 000 

2,100,000 

;j,. ‘100,000 1 

5,230,000 j 

2,800,000 

Nevada 

1 is.uo0,000 

4,so0,000 ' 

3,100,000 

2,500,000 ! 

1 

2,050,000 

Idaho . 

1,500,000' 

l,0S0,000 

l,H0O,OO() 

1,000, 000 ; 

1,080.00(1 

Oregon 

1,000,000 j 

1,000,000 

800,000 

000,000 1 

1,0 40.00, » 


The territories next in rank, all })ro(lucing between 
'fo00,000 and •'^1,000,000, are Arizona, Xew ^Mexico, Alaska, 
Utah. Tlie only eastern state producing more than '^100,000 
is South Carolina (^•'^125,000). Calitornia produc more 
tliaii one-third of tht^ gold of the country, and about one- 
tenth of product of the world. Since 1881. there has 
been a decrease in the output of tliis state, and this is in 
part attributable to the legislation adverse to hydraulic 
mining. Colorado is gradually incrensing its output of gold, 
and Dakota fluctuates, but remains about uniform with a 
slight increase. Montana reached a maximum in 1887, and 
its output has since <leoliucd, while Nevada shows the effect 
of the abandonment of a part of the L omstock Lode, by a 
remarkable decrease between 1878 and 1880. 
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OUXrUT OF GOLD FEOM THE UNITED STATES. 


VALrE]> AT $20.(57 AX Oirxcf:. 


1847 

.... $ 88!), 085 

1848 

.... 10 , 000,000 

1841 ) 

. # . . 40 , 000,000 

18 ri :5 

.... 05 , 000,000 

1850 

.... 50 , 000,000 

18(52 

.... 00 , 200,000 

18 ( 5(5 

. . 50 , 500,000 

1870 . . . . 

.... 50 , 000,000 

1880 

.... 0 ( 5, ()()(), 000 

1800 

.... 02 , 845,000 

1802 

.... 00 , 000,000 


The total production of gold in the United States since 
1792 to the close of 1802 is 91)00)02, 940, of ^vhich all but 
''i!24,53G,767 has been produced since the beginning of 1848. 
Since 1853 there has been a gradual decreas(3 in tlie outjait, 
with some fluctuations. The United Stat(‘s, since the begin- 
ning of 1848, lias produced nearly as much gold as South 
America since 15fe. ft has exceeded IIk* output of Austra- 
lasia by over 8^300,000,000, and hns greatly exceeded the 
output of Russia since 1822. We nriy, tliei'efore, safely 
claim for the United States the tir.st rank as a gold-[>rodueing 
country. 

PRODUCTION OF (iOLI) IN TIIF WORI.!), 1S80-1801. 



1880 . 

1882 . 

1884 . 

! 1886 . 

1 

1888 . 

1891 . 

UiiltCMl State.s 

♦36,000,0(M) 

i|(32, 500,000 

430,-^00,000 

♦3.5,000, 00(» 

♦3.3, 175, (MM) 

♦33,175,000 

Aii.stralasia 

28,7fi5,ll00 

3 1,9.%, 017 


2C,125,0iH) 

2.8,500,000 

31,399,000 

liusslfl . . . 

2S,r>r)l,028 

23,807,035 

21,871,000 

20,51.8,000 

21,302,000 

24,131,500 

Africa 

1,993,800 

1,993,800 

8.30,000 

1,138,000 

4,r)00,000 

14,199,000 

China . . . 



0,222,000 

8,0r)0,«M)0 

9,(MM),0(M) 

5,330,000 

Colombia . . 

4,000,000 

8,850,000 

3,85G,<H10 

2,500,000 

3,000, WMI 

8,472,000 

Briti.sh India . 




421,000 

070, 5(V! 

2,495,000 
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The countries producing between -11,000,000 and •‘ii2,000,- 
000 of gold, in 1891, wcio, in the order of llieir importance, 
Canada, Chili, Austria-Hungary, llritish Cuiana, Venezuela, 
Mexico. The output of gold from the German smelters, 
in 1891, was -$2,141,9!>8, but this was partly from foreign 
sources, and we have no statistics for the gold output of the 
mines. Of the total i)roduc(ion of gold in tlie \vorld during 
1891, which amounted to •'sl25.2!>l>,700, the United States 
supplied 20.4 per cent, Australasia 25 pci’ cent, Unssia 19.3 
per cent, and Africa 11.3 per cent. Together these four 
regions produced 82 [ler cent of the gold product of the 
world, and tlie United Stales and Australasia produced more 
than oiie-lialf ot the world's supply. 

TOTAL VHODITTION OF TUF WOULD. 


1840 ... , . . >;27,UX),000 

18.M LV), 500,000 

1800 .... ... 125.000.000 

IHT5 111.000,000 

1880 lOS.OOOjlOO 

IMS;] .... . 07.000,000 

1885 10f;.O00,000 

1880 . . . 120,000.000 

1801 . .... 125,200.700 


The mean annual product of gold prior to tliiM time, in 
kilogrammes, valued at >^004. dO, was, for the period between 
1493-1020, 5,800 kilos.; between 1741-1700, 24,()10 kilos.; 
between 1811-1820, 11,445 kilos.; between 1831-1840, 
20,289 kilos. Between the years 1850-1800 it increased to 
201,760 kilos. 
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Platinum Group. 

Occurrence of Platinum. — Platinum ^ is of little irapoi'^ 
tance as an ore in the United States. Occiisionally, however, 
it is found in the gold-bearing gravels, but as it does not 
amalgamate with the mercury, it is not saved, and it does not 
seem to bo n sufficient abundance to pay for separate mining. 
Nevertheless, some is produced each year, and in 1890 about 
82500 worth was produced chielly from the auriferous 
gi-avels of California and Oregon. Since no especial efforts 
have been made to save it, we have no means of knowing 
whether it is present in sufficient abundance for separate 
mining. The prospectors do not know tlie value of the 
black sand, nor are they alwa 3 "s able to distinguish it from 
less valuable ores; and it is, therefore, not unlikely that 
deposits may yet be found. 

The supply of platinum comes chiefl}^ from Russia, where 
it occurs in gravels, probably originally auriferous, on tlie 
Siberian side of the Urals, where it was lirst discovered in 
1819. Since serpentine is usually near at liand, and tlie 
placers increase in richness a.s this rock is approached, and 
since the metal has been found in tliis rock, it seems probable 
that this is the source. This mode of occurrence of platinum 
and the association with serpcntiniferous rocks ^ prevails also 
in other platinum-producing regions. Platinum is always 

1 Descriptions of the platinum group and their modes of occurrence will 
be found in The Mineral Imhistry for 1892, Uolhwcll, pp. .‘17:3-397, and in 
the Eleventh CensiLS volume on Minenil Industries, pp. 341, .‘342. 

2 Serpentine is generally a motamorphic rock resulting from the dccompo- 
sRion and alteration of olivine-bearing as well as from other rocks. 'Hie 
source is generally, though not always, an igneous rock, and the platinum 
may be a product of this metamorphisra. 
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alloyed with the other metals oE the platinum grouj), iridium, 
osmium, palladium, etc., and with iron, ilic amount of 
platinum varying from 50 to 80 per cent. In Russia, as w(dl 
as in other plaliiuim-prodiujfcg regions, cliiume iron^ and 
iridosmium are associated with the metal. 

Next to Russia, ('olombia is tlie most important region as a 
platinum-producer, and about 125 kilogrammes ?ire annually 
supplied from tliere. Some platinum is also su[)plied from 
Brazil, Roi'iieo, New South Wales, New Zealand, and British 
(hilumbia, about •':|'10,000 worth having been j)rodu('e(l from the 
latter region in ISOI. In all of these countries the i)latinum 
comes from auriferous gravels, and in some regions it is also 
found alloyed wuh gold. A unique oeeiiiienee discovered in 
Canada a few years agojjromised at first to pi'oduce jdatinum, 
but as yet has ind done s(k d'his occurrence at Sudbury, 
Ontario, was an arsenide of platinum f uind in the nickel 
mines of that region. 

Uses. — Platinum is tin-white in colour, very heavv, 
extremely ductile and malleable, and melts (»nly at a very 
high temperature ( (\). It is very oermauent, a - d only 
a few substances attack it. The lirsi use of the metai -'as to 
adulterate gold, but until very recentlv its most important 
use was for crucibles and other eluunicrd ap})aratus in which 
a high melting-[n»int and <‘hemieal permanence are needed. 
It has been used for eoinage in Rus.sia, from 1828 to 1845, 
but in the latter year its eoinage was suspendeil and the 
coins called in, because of its increase in value and the eon- 

^ It will be noticed by rcfcivnce t<» the elinptt*'' wliieh considers chr 'Uie 
iron, Unit this ore is always found associated ^^ith . rpentinc, and therefore 
this association of the two iiiincrals is also sus^gestivo of origin from 
ser))ciitine. 
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sequent shipment of the metal out of the country. At 
present a considerable part of the platinum used in this 
country is made into pins for holding artificial teetli to the 
plate, this being the only available metal which will with- 
stand the heat of baking. Some platiniiin is also used in 
dentistry for filling teeth. Incandescent electric lamps and 
other electrical apparatus call now for the greatest supply of 
platinum in the United States, where more of this metal is 
used than in any other country. Some is also used in 
photography and in jewelry. It is estimated that in 1891 the 
United States consumed 1172 kilogrammes in electrical appa- 
ratus; 1088 kilos, in dental work; 280 kilos, in sills and 
retorts ; and 92 kilos, in crucibles, dishes, etc. 

Since Russia practically controls the supply of platinum, 
the prices fluctuate greatly. In 18t)7 the metal was worth 
84.40 an ounce ; in 1889, about 88.00 an ounce ; then, by a 
corner in the market, the price ran up, in the autumn of 
1889, to 817.50 an ounce. In October, 1892, the price fell 
to 87.50, but in December rose to 810.50, These fluctuations 
in price are not due to a variation in demand or supjfly, but 
plainly show the intervention of some manipulation on the 
part of tliose who control the supply. 

Production. — The production of platinum in Russia has, 
since 1878, kept above 2000 kilogrammes a year, but the out- 
put has fluctuated greatly. During 1886, 4316 kilos, were pro- 
duced; in 1889, 2634.8 kilos.; in 1891, 4226. Since 1880 
the average annual output of Columbia has been about 125 
kilos, a year ; from Canada in 1891, 65.4 kilos, were produced ; 
^nd from the United States, 14 kilos. From Colombia, since 
1737, not far from 18,000 kilos, have been supplied, and 
from Russia, since 1824, about 113,000 kilos. 
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Other Metals of the Platinum Group. — This grouping is 
based upon the fact that several metals, iridium, osmium, 
palladium, ruthenium, and rhodium, are associated with 
platinum and have the same general properties as elements. 
Iridium, a steel-white, extremely hard metal, next in specific 
gravity to osmium, is supplied partly from its’ alloy with 
native platinum, and partly from the iridosiaiuin which 
occurs in the platiihferous gravels. It is used for pen points 
and in jewelry (on account of its hardness), in photog- 
raphy, and recently in metal-plating. Osmium, which is 
the heaviest known metal, comes from the same sources as 
iridium, and in the form of iridosmium is used for yiointing 
tools and pens, ralladium, a lirilliant silver-white metal, 
which also occurs with platinum, is on account of its high 
price very little used, although it has all the attractive- 
ness of silver without its habit of tarnishing. A number of 
small uses are made of this metal, and recently in alloy with 
copper and iron it has been introduced into the manufacture 
of watch spidngs and balance wheels, for which it is espe- 
cially well adapted, since it is not capable of being magnet- 
ized, and is, therefore, valuable for watches ca ied in 
electric plants. The two other metals of the platinum 
group, ruthenium and rhodium, are not used in the arts, 
but are practically chemical curiosities. 



CHAPTER VIII. 


SILVEB. 

General Statement. — Unlike gold, there is a wide varia- 
tion in the mode of occurrence of silver, and the ores of 
this metal are both numerous and varied. Native silver, 
altliough not common, is frequently found, but the most 
frequent occurrence is in chemical combination with mineral- 
izers. The affinity of sulphur for silver is noticed in all 
silverware, which, when sulphurous gases are present, imme- 
diately tarnishes, forming a sulphide. Consequently, in nat- 
ure, silver ores are lu'cvailingly sulphides such as argen- 
tite, pyrargyrite (a sulphide with arsenic), or a sulphide of 
some other metal with silver. Thus the greater number 
of occurrences of ^he sulphide of lead, galena, much of the 
sulphide of zinc, blende, and the copper sulphide, chalco- 
pyrite, are argentiferous. As a chloride, bromide, and in 
other combinations, silver is not uncommon, while a con- 
siderable percentage of the supply comes fiom gold, where 
it is frequently present in alloy to the amount of eight or 
ten per cent. 

The consideration of silver forms, therefore, a complex 
subject, and it might with propriety be discussed either with 
gold or together with lead, which shows how arbitrary is 
the economic classification starting with the metal as the 
primary basis for a division of this part of the subject of 
economic geology. This will become more apparent in the 

ISO 
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later pages of the chapter, since this molal illustrates fully 
the fallacy of such a classification. licfore the discovery 
of South America, the world’s supply of silver came chiefly 
from argentifei’ous galena, and although many mines of 
true silver ores have heen discovered in the two new conti- 
nents, it is still true that a large part of tliis metal comes 
from this source. A very few ounces of sdver to the 
ton generally makes galena an ore c.i[)al)le of profitable 
extraction, in places Avhere, owing cithm- to difficulties of 
mining or lack of tr.insportatioii fa(*ilities, it could not 
otherwise be mined. In many mine.s the h*ad just about 
pays the expense of extraction, and tlie silver thus won is 
profit. 

Silver Mines in the United States. — rractically all the 
silver of the country is jirodm'ed in the Cordilleras, and, as 
will be seen by reference to the table of pioduction at the 
close of the chapter, nearly all of this metal at present 
produced in the CniU'd States comes fiom the two states 
Colorado and Montana and the territory of Utah. A very 
few localities from this section are chosen for ch^^crijjtion, 
and these are the mines whi(*h are best known. 

Comstock Loile, — Nevada has lieen, until within a few 
years, pre-eminently the silvci'-[)rodueiiig state of the Union, 
although, at present, it is fifth in rank of importance. 
Whereas, in 1877, the output of silver from this state wms 
$ 26,000,000, in 1891 it produced but This 

decrease is due mainly to the abandonment of parts of 
the remarkable Comstock Lode, a mine which has never had 
a parallel in the history of mining. On the basis of the 
development of this mine a large city Avas founded, and 
a state literally created. With the abandonment of the 
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lode the state has decreased in population and the region 
practically reverted to its original condition. 

The discovery and development of the Comstock Lode 
exerted a disturbing influence on the monetary world. 
Discovered in 1858, it was a wonderful producer until 1877, 
when it rajiidly declined. The history of this mine has been 
so full cf ifiterest, and withal so remarkable, that a sum- 
marized statement of the more important events is given 
here.^ It has been a history composed of a series of chapters 
of obstacles and of unusual difliculties which were some- 
times insurmountable. These began with the discovery of 
the vein, when, by a series of frauds, the lode changed 
hands and the titles became confused, giving the excuse 
for long-continued and disastrous litigation. When dis- 
covered, the region was an utter wilderness, occupied by 
savages ; there was no fuel at hand, no timber for supporting 
the roofs of the tunnels, wages were extraordinarily high, 
and there were prac tic’. ally no supplies and no available 
water. Eventually a water supply for Virginia City was 
obtained from a distance of twenty miles, at an expense 
of over $2,000,000. It was necessary to transport timber, 
supplies, and machinery across a long stretch of desert 
countiy, and the progress of development was thus very 
seriously retarded. 

When the mines were well under way, and prosperity 
seemed, at last, to be at hand, litigation began. Fires 
destroyed the valuable timber in the mines, but above all, 
reckless extravagance of management interfered with the 
normal develApment of the lode. Before the close of 1861 

1 Lord, Comstock Mines and Mining. Monograph U. S. Geol. Survey, 
VoL IV., 1883. 
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stock companies were formed, with a (^ai)italization of more 
than f$60,000f000, but notwithstanding the wonderful output 
of the mine, the stockholders realized but little from their 
investment. During the year 1863 water was added to the 
other difficulties, and tlie mines were flooded as the result 
of a break in the clay wall. From this time on, there Avas 
maintained a constant battle witli water, and this led, in 
1871, to the beginning of the famous Sutio tunnel, wljich 
was commenced with the intention of constructing a drain- 
age-way for the water in the lower j)ai‘t of the mines, ddiis 
tunnel, which is 20,480 feet long, and was constructed at a 
cost of '$2,000,000, was not finished until 1878, and it was 
then to^ la c to be of service, since the mine was far below 
the level of the tunnel. 

During the construction of the tunnel, and in the lower 
parts of the mine, a novel difficulty was encountered. Here 
the heat became intense and almost unbearable. In the 
Sutro tunnel the temperatuie rose to 110°-114°, and even 
the slightest exertion was so exhausting that, although cold 
air was constantly blown from the surfaces, it was necessary 
to change the forcjc of miners four times a da)” In the 
mine at the 3000-foot level, water, at a temperature of 170°, 
poured in, and the lower workings had to be abandoned. 
Normally, the temperature of the earth increases as the deptli 
is increased, but many mines have gone below the level 
reached by the Comstock without having expericmced exces- 
sive temperatures. Here, therefore, some abnormal cause 
must be sought, and although it has been suggested that 
the heat is supplied by the decomposition of feldspar in the 
country rocks, the most probable explanation is the presence 
of some intruded igneous mass which has not yet had time 
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to cool. Any mine may encounter a similar phenomenon, 
but it is hardly probable that many will. 


rnODUCTION of gold and silver FROM THE COMSTOCK 

LODE. 


Year. 

1 

Gold. 

Silver. 

Total. 

1859 

^30,000 


$30,000 

18G1 

2,450,000 

$1,050,000 

3,500,000 

1864 

6,400,000 

9,600,000 

16,000,000 

1869 

2,062,231 

4,443,347 

7,405,578 

isn 

4,80^,r)(i0 

7,341,840 

12,230,400 

1873 

H,(i(J8,703 

13,003,187 

21,071,080 

1875 

10,330,209 

15,405,312 

25,825,521 

1877 

14,520,614 

21,780,022 

36,301,536 

1878 

7,864,558 

11,706,836 

10,661,304 

1879 

2,801,304 

4,202,001 

7,003,485 

1881 

430,248 

645,372 

1,075,620 

1884 

1,261,314 

1,577,438 

2,838,752 

1886 

2,054,020 

1,681,208 

3,736,218 

1888 

3,16fr,200 

4,458,058 

7,627,267 

1890 

2,002,000 

3,087,000 

5,080,000 

1801 

1 ,200,000 

1,000,000 

3,100,000 


Another unique feature in the Comstock is the fact that 
the ore is distributed with marked irregularity, and if it 
were not of very high grade in a few places, it could never 
have been worked. Many companies have spent millions of 
dollars without raising any ore, but have explored barren 
rock with the aid of frequently levied assessments, always 
in the hope of finding a “bonanza.” At other times rich 
pockets, which have produced wonderful results, have been 
encountered, j^n all the explorations in this lode it was esti- 
mated, a few years ago, that there were constructed over 150 
miles of tunnels. Among the several rich pockets found in 
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the Comstock, the so-callcd Great Bonanza, which was dis- 
covered in 1873, was the most remarkable. The rock re- 
moved carried as high as $93 to $632 of gold and silver per 
ton, and from 1873-1878 $60,732,000 of these metals were 
produced from one mine alone. During the years 1875 
and 1876 this pocket produced over $16,000,000 a year, 
its influence being noticed in the table on page 184, which 
shows the output of the lode. Frpm 1859 to 1890 the total 
product of the lode was fully $325,000,000. 

The Comstock Lode^ is a l)elt of quartz about 10,000 feet 
long and several hundred feet broad, sliowing slight undula- 



Fig. 18. — Cross-section of Comstock Lode, Nevjida. 7>, diorik ; Db^ diabase; 
Hj hornblende andesite; A, aiigite andesite, aS, Sutro tunnel; F, vein mat- 
ter; Q, quartz. (After Becker.) 


tions and at each end branching and disappearing. It 
follows approximately the contact of two igneous rocks 
(Fig. 18), a diabase and a diorite, and dips east of south at 


t The geology of this district is fully describiul and ably discussed by 
Becker, Geology of the Comstock Lode, Monograph, U. S. Geol, Survey, Vol. 
III., 1882. 
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an angle of 33°-45''. There is abundant evidence of faulting 
by the presence in the vein, of horses, breccia, slickensides, 
etc., and this led Richtofen, who first studied the lode, to 
consider it a true fissure vein ; but more recent studies have 
shown that it is not entirely a fissure vein, but in part an 
ore channel following the contact of the two igneous rocks. 
The hanghig wall is diabase, and the foot wall is diorite for 
about three-fourths of the distance, with slates for the 
remainder. 

As has been stated, the ore is extremely irregular in dis- 
tribution, occurring in bonanzas, sometimes of marvellous 
richness, occasionally carrying several thousand dollars to 
the ton, but only in spots assaying above the fl5 to ®20 to 
the ton, which is necessary to make the mine pay. It is 
found that near the diorite the ore is usually poorer, and 
that here the proportion of gold increases. The ore minerals 
are often so disseminated that they elude investigation, but 
they arc probably argentite and native gold and silver. 

Some interesting results have been obtained from the 
careful studies of the lode with reference to its origin. 
The region is one of great geological complexity, meta- 
morphic rocks and granites being traversed by the follow- 
ing igneous rocks : diorites, quartz porphyry, two ages of 
diabase, two ages of hornblende andesite, augite andesite, 
and basalt. Analyses have shown that in the diabase and 
diorite the metallic elements found in the vein are present 
in disseminated condition ; and a study of the rocks has 
resulted in proving that the diabase is very much decayed 
and altered hear the lode. Moreover, tlie decomposed 
diabase contains much less metal than the fresh rock, but 
the proportions of tlie two metals found in the vein are the 
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same in the fresh diabase. Everything indicates that the 
vein has been very recently formed, that very little erosion 
has taken place since its formation, and that the source of 
the metalliferous solutions is not very deep seated, — a con- 
clusion which is supported by the presence of heat in the 
lower parts of the mine. Becker has, after a cai eful study of 
all the conditions, concluded that the history of the lode has 
been, first a faulting of the rocks, then the percolation of 
water through the diabase, producing an alteration of the 
minerals and causing the extraction of gold and silver, 
principally from the augite, and finally an uprush of heated 
waters accompanied by the deposition of quartz, silver, and 
gold. The ’•variations in the amount and character of the ore 
are due, partly to the variations in supply, partly to the 
influence of the neighbouring rock. 

Eureka Diisirlct} — A second important silver-producing 
district in Nevada is the Eureka, in tiie eastern part of the 
state. This district was discovered in 1804, and active oper- 
ations begun in 1868. It is an argentiferous galena vein, 
and up to 1882 the output Avas not far from ‘^60,000,000 of 
precious metals and 225,000 tons of lead. Ther** are tAvo 
mining areas. Prospect Hill and lluby Hill, in Avnich the 
mode of occurrence is \^ery similar. The rocks, Avhich are 
tilted Cambrian limestones and shales, ar^ folded, and Avhile 
the shales have bent Avithout fracturing, the limestones have 
been crushed and brecciated. There are also distinct faults, 
some of which have a considerable displacement ; and crossing 
these stratified rocks are intrusions of quartz porphyry and 
rhyolite. In fissures, crevices, and caves in the crushed 

* This district has served as the subject of a valuable memoir by Curtis, 
Monograph, Vol. VII., U. S. Geol. Survey, 1884. 
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limestone, the argentifeious galena, with some gold, is 
iiregulaily distiibuted thiough a gangue of calcite and iron 
oxide (Fig. 19). Down to the watei-line the ore is ox- 
idized to a silvei-bearing caibonate and sulphate of lead. 
Both m richness and in distribution the ore is irregular. 



Fia 19. — Cross-section of Eureka Consolidated Mine, Nevada Fif^uies refer to 
levels Dotted portion, quartzite, unshaded pirt, limestone, small poition 
cross-lined, shale , ore, (0) (After Curtis ) 


there being many areas of lean ore and frequent rich pockets. 
Sometimes the galena canies fiom $100 to $150 of silver and 
from $1 to $104«of gold to the ton. 

^ Apparently, during the upheaval of the region, ore-bearing 
solutions entered tlie rock by the path of least resistance, 
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sometimes passing along faults, but most commonly entering 
the crevices between the crushed limestone. It was thought 
that possibly the limestone itself might have furnislied tlie 
ore, but analyses have shown that the quartzite, sliale, and 
limestone have only minub^ quantities of silver, and lumce 
this seems improbable. The most probable s^mree is the 
intruded rhyolite, from which tlic ore may liave been derived 
either by solfataric action or l)y infiltration. In places 
chambers have been dissolved out and later partly filled, 
and in others there is evidence of a replacement of the 
limestone. 

Other l^ilver Mines of the United States, — While Nevada 
lias been d.- "’'’casing its output of silver, Colorado has, since 
1877, been rapidly increasing, and this state is now, as it has 
been for a number of years, the chief silver-producing state 
of the Union. There are in this state many mines, chiefly, 
though not entirely, of argentiferous gaiena, and, also, there 
are many modes of occurrence. The two most important 
mining districts in Colorado are at Leadville and Aspen,^ 
from both of which argentiferous galena is produced. The 
Molly Gibson mine of the Aspen district is at oresent 
producing native silver in a pink barite gangue, and the 
ore in places is nearly pure silver, the assays in ‘mme cases 
giving from 2000 to 12,000 ounces. Recently a mining 
camp at Creede has become important, and its output of 
5,000,000 ounces of silver, in 1892, is the reason for the 
increased output of the state in that year, in spite of the 
fact that parts of the Leadville vein had begun to decrease 
their output. The deposits are apparently Assure veins in 

^ The geology of the Aspen district is described by L. I). River in Engi- 
neering and Mining Journal^ Vol. 45, 18S8, pp. 105, 196, and 212. 
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igneous rocks. The Leadville district, which is one of the 
most important mining districts in the country, is described 
in tile chapter on lead, and may be considered to illustrate 
one of the modes of occurrence of silver. In Colorado 
nearly every mode of occurrence and nearly every ore of 
silver is found. 

In Mmtana, the state second in importance as a silver- 
producer, very nearly the same conditions exist; but here 
a considerable part of the sujiply is extracted from the 
copper at Butte. The veins of this region are altogether 
quite remarkable. Tliere are two closely associated series 
of veins in one of which the jiredomiiiating ore is copper, 
while in the other silver sulphides ai‘e common. Practically 
no copper occurs in the latter and the gangue is rhodonite, 
a silicate of manganese, although this metal is not found in 
the copper veins. Thus, although so closely associated, these 
veins are widely different in character, pointing to a deep- 
seated origin probably at di^erent times. 

Utah has also increased its silver output. Nearly one-half 
of the supply of this territory comes fiom the mines at Park 
City in Summit County, although there are seveial other veins 
producing largo amounts of silver. The ore is a silver lead 
ore, and, since the beginning of 1887, more than 3,000,000 
ounces of silver liave been produced each year. The Ontario 
mine of this distiict is in a well-defined fissure traversing 
quartzite irregularly. A mass of porphyry occurs at no 
great distance, and in places actually forms the hanging 
wall. Below 400 feet the ore is undecomposed galena, 
blende, and feopper sulphide rich in silver. There are also 
•in this territory mines of chloride of silver. From Idaho, 
which is now the^ fourth state in order of importance as 
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a silver-producer, the greatest amount of ore is obtained 
from the Cceur d’Alene mine,^ whicli has a low-grade argen- 
tiferous galena exposed in great quantities and easily mined. 
This district, which, in 1886, produced only 116,246 ounces 
of silver, in 1891 had an output of 1,825,705 ounces. 

Considerable silver is mined in Arizona, a.id here also 
much of it is from argentiferous galena. Of the several 
districts, that at Tombstone in Cacliise ("ounty has attracted 
most attention. According to Pliillips ^ the ore here is 
bedded chiefly in limestones, which are stratified with shales 
and quartzites, and the series is folded, faulted, and crossed 
by dikes of porphyry. Tlie ore follows the bedding for a 
distancf' breaks across it nearly vertically, following 

either a crack or a fissure, and again becomes horizontal. A 
variety of ores occurs in the different mines, but, in general, 
ill the limestone it is silver-bearing lead, although from 
some of the mines a chloride of silver and free gold are 
obtained. New Mexico lias a nunibei* of silver occurrences; 
but the production of this metal in the territory is not 
as great as it might be with better transportation facilities. 
There are remarkably few silver mines in Calif orn- , and a 
large part of the output credited to that state is obtamed as a 
by-product from the gold. This apparent poverty in silver 
mines in California is no doubt partly dee to the fact that 
the energies and available capital of tlie state have entered 
into gold production ; but it is chiefly due to the general 
absence of silver deposits in the Sierras and Coast Ranges 
of the state. 

^ The geology of this district is described h Professor J . E. ClayLon in 
the Engineering and Mining Journal^ Vol. 45, lo88, p. 108. 

2 Ore Deposits^ pp. 530-641. 
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These few districts, selected from many as the best known, 
illustrate the wide variety of occurrence of silver in this 
country ; and, wlien taken in connection with the description 
of foreign mines, and the silver-lead deposits, these will serve 
to indicate the manner in which silvei* occurs. Tlicre is no 
uniformity 01 occurrence, but the ore may be found in almost 
any position witli relation to the surrounding rocks. Never- 
theless, one notices a striking uniformity of association with 
igneous rocks. 

As to distribution, practically all of the supply of 
silver in this country comes from the Rocky and Sierra 
Nevada mountains. Aside from here and tlie Black Hills, 
the only state which produces any considerable amount of 
this metal is Michigan, which, in 1891, had an output of 
less than $100,000. A few thousand dollars’ worth of silver 
comes annually from the southern Appalachian states, partly 
from the gold ores and partly from argentiferous galena. 
Throughout the belt of Archean inelamorphic rocks numer- 
ous silver mines of this nature have been opened at various 
times, but they have rarely paid, since the veins are usually 
small and tlie percentage of silver low. Some of them, if 
situated in Europe, where the methods of mining are more 
economical and of reduction more saving, might be made 
to yield returns ; but, in this country, where labour is high 
and where \ve are accustomed to extravagant methods of 
mining and rapidly made fortunes, these deposits are not 
exploited. It is possible that in the future some of these 
may become profitable ; but while such immense returns are 
made from tllte western states this is not probable. 

- The most striking features of the distribution of precious 
metals in this country is their remarkable development in 
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the west and their practical absence east of the Rockies 
and the Black Hills. The probable reasons for this are 
suggested in an earlier cliapter.^ There are no statistics 
at hand for the relative importance of the different ores 
of silver; but it is evident tliat in this country an important 
part of the supply of this metal comes as a by-product 
from lead, zinc, copper, and gold mines. From these 
sources, by the advances in metallurgical methods, the 
production of silver is every year increasing. 

Mexico, Central America, and Canada. — Next to the 
United States, Mexico is the most important silver-pro- 
ducing country. There arc, in this republic, many lodes 
which havv. been worked for a long period of time, many 
recently opened, and many which, owing to the condition 
of the country, have not been developed. One of the 
famous old veins is the ore channel of (Juanajuata, the 
Vete Madre, which occurs at the unconformable contact 
between Devonian slates and Triassic sandstones, and has 
a width of fi’oin 200 to 300 feet. The ore is principally 
argentite and native silver in a gangue of quartz and 
calcite. Another famous vein is the Vete Grand in the 
state of Zacatecas, which is a true fissure vein witli a 
width of about twenty-five feet. Both of these veins, 
although not worked to a great depth, are decreasing in 
quality, and consequently in output; but other veins are 
increasing, and new mines are being oi)ened, so that the 
total output of the country does not decrease. The Mexi- 
can mines have usually a gangue of quartz or calcite, with 
either complex or simple sulphides for ores, many of 
them being argentiferous galena, we.wchered near the sur- 

1 p. 95. 
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face, to carbonates, etc. The mode of Qccun’ence is very 
similar to that of this country, the silver-bearing belt being 
a soutliern continuation of our own Cordilleras. It is a 
wonderfully rich district in mineral products, but owing 
to the Linstable condition of the nation, the cost of fuel and 
timber, and the difficulty of transporting machinery, it is 
only partially developed. 

From 1521 to 1875 Mexico produced $3,167,096,424 of 
silver, and since then its yearly output has steadily increased 
from about $21,000,000 to over $53,000,000 in 1891. This has 
increased the total output to date to nearly $4,000,000,000. 
Since the lirst production of silver in 1521, the annual sup- 
ply has increased steadily, with some minor fluctuations, 
and, as the prospects for the future seem equally bright, 
Mexico may yet take first rank in the production of this 
metal. 

Canada is a very small x^roducer of silver, the principal 
supply for many years having been obtained from a true 
fissure vein Avhich crosses the schists, at Thunder Bay, on 
the shores of Lake Sux^erior. Recently argentiferous veins 
have been discovered in western Canada, near Kootenay 
Lake, and this region x^^'o^discs to become an important 
silver-producing district in the future. Since the Cordil- 
leras extend into Canada, and arc silver-bearing to the 
very boundary, there is every reason to expect its discovery 
when this region shall have been explored. 

Between South America and Mexico the countries of 
Central America have geological conditions so similar to 
the regions north and south of them that we may expect 
.to find this an important silver-producing district when 
the political and -social conditions become more advanced. 
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Already they produce some silver, the output in 1891 
having been about $2,000,000, but we know very little of 
the geology of these countries, and their mineral resources 
have never been tested. 

South American Silver Mines. — The western countries of 
South America, which are situated in a southern continua- 
tion of the same general region as that of our Cordilleras, 
shared with Mexico the highest rank, in the production of 
silver, before the developments of the last thirty years in the 
United States. At present, this general district holds third 
rank; and very nearly all of the output comes from the 
countries which are situated in the Andes. Of these, Bolivia 
is b}^ fa., the ii‘ost important. Here there are a number of 
large and very rich silver mines, but of tliese the best known 
is the Potosi, which is famous for its almost hibulous rich- 
ness. It was discovered in 1545, and worked continuously 
until 1809, and since then more or less (joniinuonsly to 1850. 
From this mine over $1,000,000,000 worth of silver has been 
produced, the output at times having amounted to over 
$9,000,000 a year. The occurrence is apparently in a fissure, 
crossing quartz porpliyry and slates, being less p’ ductive 
in the latter. Native silver, pyrargarite, and chloride of 
silver are the most common ores. During the time of 
greatest prosperity, this mine caused tlie development of a 
large city high up in the mountains ; ^ but now the mine is 
practically abandoned, although, after its long idleness, it is 
soon to be reopened. At present, the most important mining 
district in this country is the Iluancliaca. Since 1545 the 

1 This town is one of the highest inhabited wns in the world, being at 
an elevation of 13,280 feet. In Kill there were 100,000 inhabitants, although 
now not more than 10,000. 
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average^ yearly output of silver from Bolivia has never 
fallen below $1,700,000, and for a large part of the time the 
average has exceeded $5,000,000. Since 1876 the average 
annual output has exceeded $10,000,000, amounting, in 1891, 
to $15,488,000. 

Next in raiik to Bolivia is Peru; and in this country the 
most importaht silver mine is tlie Cerro de Pasco, which was 
discovered in 1630, and has been worked almost continuously 
since then. Although this mine has been exploited for 260 
years, and has probably produced fully $300,000,000, the 
shafts have not extended below 300 feet, and there is proba- 
bly a greater body of low-grade silver ore exposed in tliis 
mine than in any other partly developed vein in the world. 
In 1841 the output reached nearly $4,000,000 a year; and 
since 1788 the annual production has not fallen below 
$1,000,000 in any year, excepting when closed during the 
war of independence (1821-1825). The mine has never 
been systematically and scientifically developed, although 
recently explorations have been carried on in the interest of 
a syndicate ; but it seems probable that, on account of the 
difficulties of transportation and the low grade of the ore, 
it cannot be worked below the water-line. Even at the pres- 
ent time, the mine is worked by the natives, and the metal 
extracted by the crude Patio process ; and by these means 
1,000,000 ounces of silver are annually produced. Below the 
water-line the ore is a sulphide, and above this it is oxidized, 
occurring in an easily worked ferruginous earth. Since 1533 
Peru has had an annual average output exceeding $1,000,000, 
and usually exceeding $3,000,000, while during the first decade 
of this century the output exceeded $6,000,000 a year. 

1 The average being taken for periods of five and ten years. 
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The third most important silver-producing country in 
South America is Chili, and here also there are several 
very notable districts. very peculiar deposit exists in the 
Chafiarcillo district, where the silver is found in the form 
of a bromide and chloride, varying remarkably from rock to 
rock. It occurs in Jurassic limestone, associate^d with erup- 
tive diorites, and appears to be in part a contact, in part a 
fissure deposit. The descriptions of South American mines 
are so meagre, and often contradictory, that very little of 
value can lie stated concerning their geological occurrence. 

Cliili has not been an important silver-producing country 
for as long a time as Bolivia and Peru ; but since 1840 the 
product ha^ annually exceeded $1,000,000, having rapidly 
increased until 188G, when the output was $8,727,600, and 
since then having rapidly decreased, until, in 1891, only 
about $3,000,000 were produced. Tlie other countries of 
South America, excepting Colombia, produce practically no 
silver ; and in that country the supply comes largely from 
the gold product. 

Australasia. — This forms the fourth most important silver- 
producing district in the world. The supjdy comer in part 
from the gold ; but there are also mines of silver, with sul- 
phides for ores, and also argentiferous galena mines. None 
of the countries of this continental area, excepting New 
South Wales, arc of importance in the production of this 
metal. Here, aside from the silver produced as a by-product 
in gold mining, the principal district is tlie Barrier range, 
where there is an argentiferous lead ore, which produced, in 
1892, 13,336,809 ounces of silver and 56,633 tons of lead 

European Silver Mines. — Germany .s the leading silver- 
producing country of Europe, and there the metal exists in 
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very complex association. True silver mines occur in Silu- 
rian schists, in the Andreasberg district of the Harz Mountains, 
but generally the metal is obtained from the complex sul- 
phides. At Freiberg, in the Erzgebirge, the richest argen- 
tiferous galena occurs. Silver is also extracted from the 
complex su^hides, galena, blende, copper and iron pyrite, at 
ClausthaL in the Harz ; and it is found in tlie same general 
association in tlie Rainmelsberg district, which is also in the 
Ilarz. In the latter district the veins are bedded and folded 
with Devonian slates, and in the other mining districts of 
Germany there are segregated and fissure veins frequently 
associated with eruptive rocks. Since 1820 Germany lias had 
an average annual output of silver exceeding $1,000,000, 
and this has been gradually increasing, until, at present, over 
$7,000,000 are produced each year. 

In France considerable silver is annually produced, the 
ore being chiefly argentiferous galena occurring in schists 
and granites which are crossed by porphyry. Spain contains 
several silver-producing districts, most of which have argen- 
tiferous galena for an ore. The Guadalajara mines occur in 
gneiss and produce chiefly aigentite and ruby silver, with 
some galena, in a gangue of barite and quartz. In Austria- 
Hungary the silver is found in very nearly the same modes 
of occurrence as in Germany, tlie ore being chiefly argen- 
tiferous galena and other complex sul[)hidcs. The two most 
important districts are Schemnitz and Kremnitz. Silver has 
been produced from the Przibram district, in this region, 
since the year 843, and some of the mines have descended to 
a great depth. The occurrence in this country is usually in 
association with eruptive rocks. Since 1830 the average 
annual output of silver from Austria-Hungary has exceeded 
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$1,000,000, and for the last fifteen years the average has been 
over $2,000,000. 

No other European countries produce more than $1,000,000 
worth of silver annually, but some is obtained in Russia, 
princijially from the gold, and some in Sweden and Norway, 
where ores of native silver and of silver sulpljides occur in 
metamorphic rocks wliicli are crossed by igneous intrusions. 
In Great Britain a small amount of silver is extracted from 
the ores of copper and zinc in Devonshire and Cornwall, as 
well as from limestones in otlier parts of the islands, wliere 
it occurs in the form of argentiferous galena. The Cornwall 
and Devonshire mines are either in or near igneous rocks. ^ 

Origin ol GiWer. — The remarks made above concerning 
the occurrence of silver in the United States apply with 
equal force to the foreign silver veins. In Eui ope, the metal 
is found most commonly in the complex sulphides, ai*gen- 
tiferous galena, blende, copper pyrite, etc., but sometimes in 
simple sulphides or witli other mineralizers. The same is 
true of Australia, but here galena is the piincipal source. 
The United States and Mexico illustrate tlie same associa- 
tions, but in these countries the simple oies of silver ‘e more 
common, while in South America the larger proportion of 
the silver comes from ores unassociated with other metals. 
The greater part of the silver of the woild is obtained as a 
by-product in the mining of other metals, and this is strik- 
ingly the case in Great Britain, Germany, and Austria-Hun- 
garv, where a great variety of metals come from the same 

1 For detailed descriptions of the niiiiing districts of Europe, and par- 
ticularly of Great Ilritain, reference may be iiinde to Pliillii)s’ Ore Deyoaits. 
Davies’ Earthy and Other Minerals and Mining , Vetaliifei'oiis Muierals and 
Davies ; and von Gri»ddeelv’s Die Lehre viiti deni Lagerstdtteii der 
Erze also give good descriptions of European statistics. 
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mine: but no single niineralogical association of silver is so 
common as that with the sulphide of lead. Next iu impor- 
tance are the simple ores of silver, of which the sulphides are 
the most abundant, although chlorides and oxides are not 
rare. A third important source is from gold, with which it 
is alloyed. jNiitive silver is found, but it is not common ex- 
cept ill . s allo}^ with gold. It is a striking fact that the 
source of a great part of the silver is such that, at its present 
price, it could not be profitably extracted if the metals with 
which it is associated were of no value. 

For the moile of occurrence no general statements can be 
made. Perhaps true fissure A^eins are the most iinjiortant, 
although veins of segregation, bedded veins, contact, cham- 
ber, replacement, and other modes of occurrence are not 
uncommon. Silver is not found in placer deposits, for the 
reason that it is clieinically weak, and, under the influence 
of weathering, loses its melallic character, disintegrates, and 
is carried away with tlie lighter and finer particles. The 
original source of.silver is undoubtedly igneous rocks, wdiere 
it occurs in association with the metalliferous bisilicates, 
chiefly augitc, hornblende, and mica. Consequently this ore 
is found most commonly near its source ; that is, in associa- 
tion with igneous rocks which have been subjected to altera- 
tion by the percolation of w^ater charged with substances 
wliich give to it a solvent power. Rut since sedimentary 
and many metamorphic strata are derived, either directly or 
indirectly, from igneous rocks (even if it is necessary to 
trace them back to the original crust of the earth), it is not 
unnatural W expect to find that such deposits have at 
times been derived from these secondary sources. Analyses 
have demonstrated the existence of silver in many sedi- 
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mentary rocks, but rarely in sufficient abundance to become 
concentrated, excepting under very favourable cireuinstaiices. 
This is what would be expected, since silver is a compara- 
tively rare element, and, in the formation of sedimentary strata, 
would tend to become even more disseminated than in the 
original igneous masses. Even where found in j sedimentary 
rocks, unless unquestionably bedded or segregated, tlie source 
may have been some deeper lying beds of igneous rocks. 
Silver is found, both in this and other countries, in moun- 
tainous regions, chiefly those of recent date, because here 
there are cavities for its de])osition and abundant igneous 
rocks for a source of sup[)l 3 ^ 

Uses of buyer. — Silvei* is extensively used in the arts, 
in jewelry, and in utensils, chiefly in tableware and show 
utensils. Its l^riglitness and beautiful white colour make 
it valuable for these piuposes, although its habit of tarnish- 
ing, when in the presence of sul[)hurous gases, detracts 
from its value. There are also numerous alloys of silver, 
the most important being an alloy of gold and silver, and 
copper and silver, the last two metals being added to coin- 
a^'e, and other gold, either singly or more rarely logc ■ \er, for 
tlib purpose of increasing its hardness. Coinage silver is 
alloyed with copper. By alloys of other metals crude imita- 
tions of silver are made. Such are the alloys of tin, nickel, 
and bismuth, of copper, nickel, tungsten, and aluminum, and 
of copper, nickel, zinc, and cadmium, etc., the latter bearing 
a closer resemblance to silver than the others. 

Coinage has been an important use of the metal, but prom- 
ises to become more and more unimportant. When, in 1873, 
the Latin Union and Germany and Hoiland ceased the free 
coinage of silver, this metal became a commodity, and since 
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then it has been subjected to the fluctuations in price which 
result from variations in supply and demand and the manipu- 
lation of syndicates ; and this is probably the f uture fate of 
silver to even a more marked degree. From 1687 to the close 
of 1873 the ratio of silver to gold was remarkably uniform, 
having nev€|r fallen below 14.14, and in only two years hav- 
ing risen above 10.00. The general tendency, however, was 
toward a greater ratio of silver, or, what is the same thing, 
a smaller relative A^alue. In 1687 the ratio was 14.94 ; in 
1873 15.92; but since tlie latter year the ratio has steadily 
increased, until, in 1892, it reached 23.73, and is still (1893) 
increasing at a startling rate. Since 1859 the ^rice of silver 
has decreased from ^5^1. 360 to $0,876 })er ounce in 1892, with 
the price rapidly falling. This is due, not entirely to the 
suspension of free coinage, but, partly, to tlie increase in 
output. This increase began in 1860, but the price did not 
begin to fall rapidly until 1874. The coining value of silver 
in the United States is $1.2929 per ounce, which is a highly 
artificial value. 

If all the important nations of the world could agree upon 
a uniform ratio between gold and silver, the latter might still 
be safely coined; but such an agreement seems unlikely to 
be reached, and it is doubtful if, in the future, silver will be 
extensively used for coinage, excepting for small denomina- 
tions. The future of the silver industry is therefore far 
from bright, and it will not be surprising if we should wit- 
ness in the next few years a startling decrease in production. 
This metal has been given an unnatural position which it 
does not deserve. Grant it a permanent or moderately 
permanent value, something like its value in the middle of 
the last decade, and the output will continue to increase 
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even more rapidly than it has in the past ; and there seems 
to be no moderate limit to the ultimate output. This metal, 
although truly a preeious metal, and by no means common, 
is far too common for use as a standard of coinage, and 
its continued use for this purpose means a progressively 
increasing production which will call for a ‘'requent re- 
establishment of the ratio. The nations which have not 
yet discovered this fact are liable to suffer for their short- 
ness of vision.^ 

For a verification of these remarks a comparative reference 
needs only to be made between the increase in output of 
gold and silver in the world during the past fifteen years. 
Between the yeaio 1875 and 1891 the amount of silver annu- 
ally produced in the world has increased from 882,000,000 
to $185,599,000, while the increase in gold production has 
been from $111,000,000 to $125,299,700. I'liese are startling 
and very significant figures when we consider the probability 
of a corresponding rate of increase for many years, provided 
free coinage is established Avitliout a marked increase in de- 
mand. In this country the relative increase in production 
of the tw’o metals is even more striking; for, in 185' 1 part 

' While tliis has been in the hands of the i)ublisliers, a long-contiiiuccl 
and very varied discussion of the silver question has been in i''’ogn*ss. All 
sides of the (jucstion have been considered, and finally the country has 
receded from its unfortunate poj^ition as a buyer of silver at an extremely 
artificial price. Much pressure has been brought to bear to prevent the 
repeal of the silver law, and miicli hardshij) has n'.sulted in the mining dis- 
tricts. This has been,, in part, at least, caused by the silver miners, who 
have in many cases closed mines which could readily be made to yield profit 
at a much lower })rice for silver than that now existing. Th(‘ industry is 
very much depressed as the result of this iiiterf(*rence with the unnatural 
stimulation of the jiast few years. A more he hful condition will, how- 
ever, eventually follow this change, and the silver industry will become a 
more permanent and business-like industry. 
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of gold was produced to 0.016 of silver, and, in 1889, the 
product ratio was 1 of gold to 32.32 of silver. 

The amount of silver coined in the United States from 
1793 to 1824 exceeded $1,000,000 in onl}^ two years. From 
that time to 1874 the coinage of silver fluctuated greatly, 
at one time ^ (1853) reaching over $9,000,000, and in 1864 
falling t ' a little over a half million, while, in several 
other years the coinage fell below $1,000,000. Since 1874 
the coinage of silver has averaged nearly $30,000,000 a year, 
and in 1890 reached $39,202,908. During the year 1891 the 
silver coinage of the principal nations using this metal was 
as follows: India, $32,070,498 ; United States, $27,518,857; 
Mexico, $24,493,071 ; Spain, $11,251,000 ; Japan, $8,523,904; 
Portugal, $7,277,040 ; Great Britain, $5,141,594. No other 
nation issued more than $4,000,000 of silver. 

Production of Silver. — The following tables show the value 
of the production of silver, in the United States and the 
world, based iij^on the United States coinage value, $1.2929 
per ounce. 

rnoDucTroN of silver in the united states. 


States. 

1877. 

1880. 

1885. 

1888. 

1890. 

1891. 

Colorado . . 


Jf 17,000,000 

$15,SOO,0(H) 

$19,000,000 

$21, .307, 070 

$27,.S58,3S‘4 

Montana . . 

750,000 

2,5ri0,000 

10,000,000 

17,000,000 

20,3(yi,6.36 

21, 139, .‘591 

U tab . . . 

5,075.000 

4,740,000 

6,750,000 

7,000,000 

I0,34i1,‘«4 

11,313,131 

Idaho . . . 

2.5(»,000 

450,000 

8,.500,000 

3,000,000 

4,7S3,S.3S 

5,216,970 

Nevada . . . 

20,000,000 

10,900,000 

6,000,000 

7,000,000 

5,7r);3,5.35 

4,.551,ni 

Arizona . . . 

^>,000 

2,000,000 

.8,^00,000 

3,000,000 

1,292,929 

1,913,5.35 

New Mexico . 

500,000 

425,000 

3,000,000 

1,200,000 

1,6h0,S0S 

1,713,131 

California . . 

1,000,000 

1,100,000 

2,500,000 

1,400,000 

1,163,6.36 

969,697 
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Nearly one-half of this product comes from silver-lead ore. 
Over one-third of the total amount of silver produced in 
the United States comes from Colorado, nearly two-thirds 
from Colorado and Montana, and practically all from, or 
west of, the Rockies. In 1891 the only otlier states pro- 
ducing over $100,000 of silver, and all of tliese less than 
$500,000, ai‘e, in tlie order of their rank, Texas, Oregon, 
Washington, and South Dakota. 

Colorado increased its output at a remarkable rate from 
1877 to 1880, owing to the development of the Leadville 
mines, and siiuie tlien the production has steadily increased. 
In 1830 this state took the lead from Nevada, and this 
it ha; n..^l:;tained each year, with the exception of 1887, 
wheJi Montana produced a little more than Colorado. The 
output of silver from Montana has ioereased rapidly, and 
both Utah and Idaho have slowly increased, Nevada, on 
the other hand, has decreased its output veiy greatly, chiefly 
because of the abandonment of the Comstock Lode. 

SILVER PRODUCT I ox OF THE UXITED STATES. 


1857 $ 50,000 

mn 2 , 000,000 

1804 11 , 000,000 

1800 12 , 000,000 

1871 2 : 1 , 000,000 

1874 ; 17 ,: M ),000 

1880 ao , 200,000 

1885 51 , 000,000 

1890 70 , 405,000 

1891 75 , 410,500 

1892 83 , 909,210 
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There has been a steady and very rapid increase, with 
some fluctuations, since 1861. From 1880 to 1892, inclusive, 
a period of thirteen years, there has been an average annual 
increase of nearly 13,440,000, and, in the last few years, 
a much greater rate of increase. 

PRODUCTION OF SILVER IN THE WORLD. 


CoTJNTIilEJ. 

1880. 

1885. 

1888. 

1890. 

1891. 

United States. . 

$«9,200,000 

$51, 600, 000 

$59,195,000 

$70,465,000 

$75,416,500 

Mexico. . . . 

25,167,703 

82,112,000 

41,373,000 

50,356,000 

53,000,000 

llolivla .... 

11,000,000 

10,000,000 

9,578,000 

12,514,200 

15,488,000 

AuRtralasia . . 

227,125 

1,048,000 

5,000,000 

10,731,300 

12,929,300 

Germany . . . 

5,576,099 

1,021,000 

1,332,022 

7,567,500 

7,480,800 

Pom 


1,988,000 

3,128,000 

2,734,300 

3,112,000 

ChUi 

5,081,747 

8,727,600 

7,723,957 

5,140,800 

3,000,000 

JFranco . . . 


2,120,000 

2,053,000 

2,955,600 

2,955,600 

Spain . 

8,096,220 

2,258,000 

2,140,400 

2,140,400 

2,140,400 

AufltrItt-IIutiKary 

1,994,880 

2,192,200 

2, 166, <140 

2,103,500 

2,103,500 

Central America 

.... 


2,000,000 

2,000,000 

2,000,000 

Japan . . . 

916,400 

960,000 


1,765,000 

1,798,800 

Columbia . 

1,000,000 

400,000 

1,000,000 

830,000 

1,298,000 

T«'tal for World 

* 

196,700,000 

$118,095,150 

$140,706,413 

$173,74.3,000 

$185, .599, 600 


The United States, in 1891, produced 40.6 per cent of 
the silver of the world; Mexico 28.5 per cent, and these 
two countries together 69.1 per cent of the world’s supply. 
The United States, Mexico, Bolivia, and Australasia pro- 
duced 84.5 per cent of the silver, and over three-fourths of 
the supply of the world came from the western hemisphere. 
In the above table the most striking facts are the steady 
increase of output from the important silver-producing 
countries and the remarkably rapid rate of increase in the 
case of the United States, Mexico, and Australasia. 



STT.VTf.T! 


on' 


SILVER PRODUCTION OF THE WORLD. 


1840 $. 39 , 000,000 

1800 40 , 800,000 

1806 62 , 000,000 

1870 04 , 000,000 

1876 82 , 000,000 

1880 90 , 700,000 

1886 118 , 095,150 

1890 173 , 743,000 

1891 185 , 699,000 


Between the years 1860-1891 inclusive, thirty-one years, 
the increase in production of silver has been at the rate 
of nb.ui) ^1,700,000 a year. From 1872 to the close of 
1891, twenty yeais, the annual rate of increase has exceetlec 
$5,700,000, and within the past few years tliis rate has beer 
much greater, and at present is more than double the latter 
amount. 



CHAPTER IX. 


COPPER. 

General Statement. — Copper, like silver, varies widely in 
iniiieralogieal association and mode of occurrence. The ores 
most commonly found are, native copper, the sulphide 
chalcocite, the sulphides of copper and iron bornite and 
chalcopyrite, the oxides cuprite and melaconite, the silicate 
chrysocolla, and the carbonates azurite and malachite. 
Other ores are more rarely found, but the most important 
sources of copper arc the sulj)l\ides and native copper, the 
other minerals being usually the result of oxidation above 
the water-line. Almost every mode of occurrence is illus- 
trated by mines of this metal, and usually other metals are 
found in association with tlie copper. This is very markedly 
true in England, (Teianany, and Austria, where, from the 
same mine, gold, silver, copper, lead, zinc, and other metals 
are extracted. Indeed, aside fmm the mechanical associa- 
tion of the ores of these metals, the sulphides of copper 
are usually complex, and, by metallurgical processes, both 
gold and silver are frequently obtained from them. A not 
inconsiderable percentage of the supply of these two metals 
comes from this source, and, where the ores of copper are 
argentiferous or auriferous, the mining and extraction of 
copper is sometimes rendered profitable in places where, 
without the presence of precious metals, tliis would not be 
possible. 


9,08 
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A veiy few countries supply the copper of the world, 
and if it were not for tlie mines of the United States, 
Spain, and Chili, the product of the world would be very 
limited. In the United States, which is far ahead of other 
nations in the production of this metal, as well as in that 
of silver and gold, the distribution of the ore is very local. 
Only thrge districts, Montana, Michigan, and Arizona, are 
of particular importance as copper-producers ; and of these, 
the first two produce by far the greater amount. In these 
two states the copper comes from two exceedingly small areas. 

Appalachian States. — From the eastern and- southern 
states only a few hundred tons (in 1892. 680 tons) are 
annually |.M‘ducod. There are, however, in tliis belt, chiefly 
in the metamorjdiic rocks, coiisidorablo stores of medium 
and low grade copper pyrite which have, in the past, given 
to the states of tliis region an iinpoiliince in tlie produc- 
tion of copjicr far greater than they now possess. The 
development of the copper mines of the west caused these 
to be discontinued, Ix^causc of the fall in price of the 
metal; but now that the demand for copper continues to 
increase, and new methods of cL^^.ip mining nd extrac- 
tion have been perfected, the future of this dh-rict seems 
brighter. In several of these states small copper mines 
are being exploited, but Vermont is the most im])ortant 
of them all. Here from the Copperfield mine 1,200,000 
pounds were produced in 1892. The copper mines of the 
belt of mctamorphic rocks are, in some cases, in segrega- 
tion veins ; in others, in fissure veins ; and of the former 
class there are many veins which are either too small or 
too uncertain for exploitation, \ aile others are merely 
copper-bearing iron pyrite veins. With the conditions 
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existing in Germany and Austria, this district would 
assume considerable importance in the production of 
coj)per and other metals. 

Lake Superior District. — In copper, as in iron production, 
Michigan assumes importance, and in the case of both of 
these metals, the productive area is the belt of older rocks 
on the per insula between Lake Superior and Michigan. 
This district, tliough now of second rank in this country, 
has, since its opening, produced more copper than any 
other in the world. Already the largest of the mines, the 
Calumet and Hecla, has extended to a depth greater than 
4000 feet below the surface, and there appears to be no 
sign of a decrease in supply. There are here a number 
of mines, great and small, some of them producing only a 
few thousand pounds of copper a year, but nine of which 
annually produce more than a million pounds, while the 
greatest, the Calumet -and Hecla, had an output in 1891 
of more than 63,000,000 pounds. A number of the smaller 
mines have recently ceased operations, but the larger ones 
either* maintain or increase their output from year to year. 
If necessary, the production of this district could be vastly 
increased for some time to come. 

• The mines of the Keweenaw Point district were first 
discovered in 1845, although for centuries before this the 
Indians had made use of the boulders of copper for imple- 
ments and ornaments. Since 1845 the output from the 
Lake Superior region has steadily increased, with some 
minor fluctuations of recent date. In some of the mines, 
mineralized ores^of copper are the source of the metal, but 
th^ most common ore is native copper frequently associated 
with native silver. 
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A series of inters tratificd sandstones, conglomerates, and 
diabases, of Algonkian age, form the rocks of the region, 
and these are tilted at an angle varying from 30° to 60°. 
The diabases are usually very much altered, and are classed 
as melaphyres ; and that they are actual lava flows buiied 
beneath later sediments is shown by a study of their 
field relations, and by the fact that many of them are 
amygdaloidal.^ Copper occurs in tliese rocks in several 
conditions. The most important source of the metal is 
from the sandstones and conglomerates whcie it occurs as a 
cement, in grains, ramifying masses, and bunches sometimes 
weighing many tons. Usually the native copper ramifies 
through *hp‘ rock, in the interstices between the pebbles 
and grains of sand, cementing them together, and fiequently 
entering the crevices in the pebbles themselves. For the 
extraction of the metal the rock is crushed and then sepa- 
rated by concentrators. Strange though it may seem, tlie large 
masses of copper, which are too heavy for removal, are usually 
of little value, since they cannot be picked, nor blasted, nor 
cut excepting with great difliculty by means of chisels. 

A second source of copper is from the trap oi * «elaphyre, 
where it is found, also in a native state, as a part, il or com- 
plete filling of the amygdaloidal cavities, usually in associ- 
ation with calcite, quartz, native silver, and numerous other 
minerals. Native copper also occurs at the contact of the 
diabase flows, in veins of secondary minerals, cliiefly epidote, 
and also in true fissure veins with calcite and quartz gangue. 
Here the influence of the country rock is well shown by 

1 An amygdule is a cavity in an igneous rock caused by the expansion 
of gas, usually aqueous vapour, and either partly or completely filled by the 
percolation of water at some subsequent time with a foreign mineral, 
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the fact that these latter veins arc frequently unproductive 
in the sandstone and conglomerate, although often rich in 
both silver and copper in the trap. 

The origin of this remarkable deposit has been variously 
accounted for by the different students of the geology of that 
region. That it is not a true contact deposit is shown by the 
fact that the amygdules in the diabase, the fissure veins, and 
the crevices in the broken pebbles are filled with copper, 
showing a subsequent deposition. In the igneous rocks 
copper is, next to iron, the most common of the metals 
which are used extensively in the arts ; and in none of these 
rocks is it more common than in diabase. A long-continued 
process of alteration has been passed through by the diabase, 
and the result is that many of the original minerals have 
been entirely changed in character. Probably, during this 
change the metallic constituents, together with quartz and 
calcite, were removed from the diabase and deposited in 
their present position. 

Whetlier by the decay of the heavy bisilicates, native 
copper was originally set free, or whether it Avas in the 
form of a sulphide in the rock, is a question which may not 
unreasonably be answered by assuming that both conditions 
were present, since dial)ases contain free sulphides of copper 
and also copper associated with the bisilicates. In order 
to explain the supposed alteration from copper pyrite to 
native copper, electro-chemical changes have been suggested, 
and this is a very reasonable hypothesis. The occurrence 
here is analogous to what is happening in many rocks, 
excepting that, in this case, we are dealing with copper 
instead of some more abundant substance. There are few 
more common phenomena in geology than the cementing 
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of sandstones and conglomerates by oxide of iron, calcite, or 
quartz ; and amygdaloidal cavities filled with these or other 
minerals are present in all jiorous lavas which have been 
buried for a sufficient length of time to come under the 
influence of percolating waters. 

From 1847, when Michigan produced 213 tons^ and the 
entire country 300 tons, to 1881, when Michigan produced 
24,132 tons of the total output of 32,000 for the coun- 
try, this state was the great copper-producer of the Union. 
Since 1853 the output has exceeded 1000 tons, and has 
gradually and steadily increased, and since 1870 more 
than ore-half of this sujiply came from a single mine, the 
Calumet I Hccla. Next to this mine the Tamarack and 
the Quincy are the most important in the district. The 
following table shows the increase in development of this 
region as’ a whole, and of these three mines, since 18G0. 
Neither of these two mines produced copper in 1855, and the 
output of the district in that year was only 5,932,170 pounds. 


PRODUCTION OF COPPER IN THE LAKE SUPERIOR DISTRICT. 

PorxDs. 



Calumet 

AND 

IIecla. 

Tamarack. 

Quincy. 

»’0TAL 

L\ke Superior 
Mines. 

1860 



1,940,114 

12,301,538 

1870 

14,001,684 


2,572,980 

24,290,231 

1876 

2] ,47.“?, 954 


2,892,617 

36,007,898 

1880 

91,076,239 


3,69(5,263 

40,016,811 

1886 

47,247,900 

181,069 

6,848,530 

1 72,759,082 

1890 

59,808,706 

10,106,741 

8,064,253 

100,696,359 

1891 

03,580,020 

10,161,312 

10,542,519 

114,328,218 

1892 

67,925,000 

10,420,6a3 

11.103,926 

107,640. 504 


1 Long tons of 2240 pounds aro used for the United States. 
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Montana Mines. — Twelve years ago Montana produced 
practically no copper, whereas now this state is far ahead of 
all others in the production of this metal. Very nearly the 
entire output of the state comes from a hill in the town of 
Butte, which is now the largest mining camp in the world. 
In this district there are a large number of claims, but few 
importart mines. The ores are copper sulphide and chal- 
copyrite, with some blende and galena, in a gangue of quartz. 
Nearly all of these ores carry silver. Tlie hill at Butte is a 
granite knob, crossed by rhyolite dikes which are a possible 
source of the copper. A series of nearly parallel veins 
cross the granite in fissures which extend beyond the limits 
of the hill. There is a considerable variation in the char- 
acter of the ore in different veins, and even in the same 
vein ; but, although the Anaconda mine has reached a 
depth of considerably more than 1000 feet, there are no 
signs of exhaustion. Tlie walls of the veins are not dis- 
tinct, but they have been partly replaced, and the veins 
enlarged by impregnation deposits. 

Notwithstanding numerous accidents, these mines have 
increased their output at a remarkable rate, and at present 
they produce more ore than any other cop[)er district in 
the world. They arc now producing fully 3000 tons daily, 
and it is claimed titoat the output can be easily made to reach 
175,000,000 pounds a year. Tlie following table shows the 
wonderful development of the copper industry in Montana 
since 1882 : — 
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PRODUCTION OF COPPER IN MONTANA. 


1882 9,058,284 lbs. 

1883 24,004,310 “ 

1884 43,098,064 “ 

1885 07,797,804 “ 

1880 57,011,021 “ 

1887 78,009,077 “ 

1888 97,807,908 

1880 ...... 08,222,441 “ 

1800 112,980,890 “ 

1801 113,200,000 “ 

1802 104,300,000 “ 


Thpa, : ^ 1892, the output Avas increased over 51,000,000 
pounds, chiefly as the result of an iiici*ease in activity in the 
Anaconda mine. 

Arizona and other Western Mines. — Arizona has for many 
years been an important copper-producino;* territory, having, 
in 1882, held second rank, and since then third rank, in the 
country. Almost all of the ores at present mined are oxi- 
dized; and although there are great stores of copper here, 
the mines are not being rapidly dc » olv)ped, and ^ ' e output 
is not increasing at a rate coinj)arable Avith that (.r the tAA^o 
leading copper-producing states. Tliere are sevu’al districts, 
and in all, so far as is knoNAui to tlie a^jlhor, they are asso- 
ciated with eruptive rocks. We have not, lioAvever, as com- 
plete descriptions of tliese mines as of the two just described. 
As instances of the modes of occurrence of copper in Ari- 
zona, mention may be made of three mines : the Coronado, 
where the ore occurs in a dike of (juartz porphyry crossing 
granite ; the Longfellow mine, in le Clifton district, in 
which the ore occurs in veins nctir the contact of felsite and 
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limestone ; and the Black copper mine of the Globe district, 
where the ore is found in stockwerks, in gneiss, near a mass 
of diorite. The most important copper mines of the terri- 
tory are tlie Copper Queen, United Verde, Old Dominion, 
and the Arizona Copper ; but there are numerous other mines 
of less importance. 

Colorado, which is next in order of importance, has no 
large copper mines, but a number of small deposits are be- 
ing worked, and considerable is supplied from the mines 
of other metals, notably from the Leadville lode, which is 
becoming richer in copper and i^oorer in other metals as the 
depth increases. The output fiom this state has shown a 
considerable increase in the last ten years. In California 
very nearly the same conditions occur; but, owing to a fire 
in the '^|ppcipal mine, there was a slight decrease in output 
in 1891. Moie than one-half of the copper of Utah conies 
from a single mine, and the remainder chiefly from copper- 
bearing argentifeious galena. Valuable deposits exist in 
New Mexico, but the output of this territory has, so far, 
been very slight. 

Foreign Copper Mines. — The copper district of Spain and 
Portugal is next in importance to the United States. A 
copper-bearing series extends from near Seville across the 
Portuguese line ^ the Mason and Barry mine. The mines 
are situated in a zone of nearly vertical clay slates, with quartz 
porphyry dikes near by and nearly parallel to the veins. 
Being lenticular and parallel to the cleavage of the slate, 
the veins appear to be of segregation origin ; but whether 
the ore has hsen derived from the slate or the igneous rock 
has not been determined. Chalcopyrite, usually argentifer- 
ous, is the principal ore, but the black sulphide of copper is 
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also present. These veins were worked by the Romans, and 
the timbers used by them in their irregular galleries are 
admirably preserved by the presence of the salts of copper. 
From the very earliest times these mines have been worked 
as pits as well as true mines, and this is still the case. The 
Rio Tinto mine is by far the most important, and this at 
present has large quantities of coj^Der in sight; but the 
Tharsis in Spain and the Mason and Barry mines across tlie 
Portuguese line are both very productive. Spain promises to 
keep the lead as a copper-producing country among Euro- 
pean nations for a long period. 

Chili .has an output of co[)per of greater value than that 
of any mineral product, but the industry is declin- 

ing. In 1855 this country produced one-half of the coj)per 
of the world, but to-day it produces less than one-tenth, 
this result being in large measure due to the increased pro- 
duction of other nations. There is, however, a noticeable 
decrease in the output of coj)per from Chili, and tliis is 
due in part to the decrease in richness of the ore in the 
lower tunnels of the mines and tlie inciease in cost of mining 
at these depths, and partly to the uiia^ientific m* \ods of 
reduction by which the gold and silver contents are lost. 
The ores are copper pyrite below the water line and carbon- 
ates, silicates, etc., nearer the surface. IJ^re, as in nearly 
all copper mines, there is an association with igneous rocks ; 
in the Rosario mine with diorite, in the Panulcillo as an 
apparent contact vein between mica schist and porphyry, 
and in the Can-izal Alto a vein frequently crossed by dikes 
and increasing in richness near these intersections. Other 
South American countries are not inq ^rtant as copper-pro- 
ducers. Venezuela ranks next to Chili, the principal mine 
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there being the Area. Neither Bolivia nor Peru have as- 
sumed any considerable importance in this industiy, although 
in both countries there are extensive deposits, at present 
inaccessible because of lack of transportation facilities. 

In Japan copper has been produced for over twelve cen- 
turies, and at present this country is the fourth most imp^j*- 
taiit. 250 years the output of these mines has averaged 
nearly 3000 tons annually. Of the Japanese mines, the Ashio 
vein is by far the most valuable. The ore is black copper 
occurring in a fissure vein associated with eruptive rocks. 
Other Asiatic countries are not important copper-producers. 

Next in importance to Japan is Germany, which is second 
in rank among European countries. A small portion of 
the output comes fiom the various silver lead mines, such as 
Clausthal, the Fj’eibcrg mines, etc. In the Andraesberg dis- 
trict, copper is obtained from veins in clay slate of Silurian 
age near a granite mass. But nearly ninety per cent of the 
German coppei conies from Mansfield, at the southeastern 
end of the ILyz. Here a series of folded sandstones, con- 
glomerates, gypsum beds, and bituminous marls occur, the 
latter being copper-bearing, and resting upon the sandstones 
and conglomerates as a bedded deposit. The copper-bearing 
sliale in this marl contains from two to five per cent of 
copper in the form of grains of silver-bearing copper pyrite. 
Other ores are found, but not in abundance, and the copper 
itself, although occurring throughout the shale, is present in 
workable quantities in only a few bands. This very inter- 
esting deposit is rendered unworkable at tlie lower depths 
because of the influx of salt water from a salt lake, the Sal- 
ziger See, from which water enters the mine faster than it 
can be pumped out. The future of the mine is seriously 
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threatened by this difficulty, and the only possible relief is 
to drain the lake. 

Russia ranks next to Germany among European nations 
as a copper-producing country. There are several districts, 
one in the Permian and Triassic sti*ata on the western slope 
oi^ijthe Urals, and another in the district of Nijne-Taguilsk in 
metarnorpliic schists not far from a mass of dioiite. F]*om 
both of these districts malachite and azurite are obtained 
in masses of sufficient size for ornamental woik. This is 
particularly true of the latter region, which supplies the 
greater part of tliese minerals. That they are merely oxi- 
dized ores is proved hy the fact that they i)ass into sulphides 
as the depth the mines increases. 

Copper, in the form of copper pyrite, is found in Italy 
in chlorite schists associated Avith granites, and also in 
other districts usually in association with igneous rocks. 
Some of tliese mines were worked by the Etruscans. In 
Norway and Sweden this metal, chiefly in the form of pjTite, 
occurs in the metainoiphic rocks. The Stora Kopparberget 
mine of Sweden has been worked since 1228 and perha 2 )S 
earlier, and, although at the present om^ 271 tons e annu- 
ally produced, this mine had an output in the seventeenth 
century varying betAveen 2000 and 3000 tons. In Aus- 
tria the copper is mined chiefly as an accc3soiy in the silver 
lead mines, and the output is exceedingly small. The same 
is true of England, which every year becomes less important 
as a copper district, the chief supply coming from Devon- 
shire and Cornwall. 

The various colonies of Australasia produce copper, and 
the output of these countries combiii« I give to this general 
area a rank next to Germany. Africa also produces some 
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copper, the most important district being Cape Colony. 
Mexico, next to Australasia in importance, has produced 
very little from- mines other than the Boleo mine of Lower 
California, where there is a very large deposit, which is 
profitably worked even with the difficulty of obtaining labour 
in that sparsely settled peninsula. Canada lias copper nii^s 
in the metamorphic rocks of the province of Quebec, in Nova 
Scotia, and elsewhere, and recently important discoveries 
have been announced in British Columbia. The Algoma 
nickel mines are important sources of Canadian copper. 
From the metamorphic rocks of Tilt Cove, Little Bay, and 
elsewhere in Newfoundland, copper pyiite has been produced 
in considerable quantities. Recently the industry has rapidly 
declined, and at present some of the most important mines 
are closed. There are other valuable deposits in different 
parts of the island, but the poverty of the colonists, the 
inaccessibility of the region, and the existence of certain 
fishing privileges which the French hold, have interfered 
with their development. 

Occurrence and Origin of Copper, — The distribution of cop- 
per deposits is extremely widespread, but the greater part 
of the world’s supply comes from a very few localities. 
Excluding the mines at Keweenaw Point (Michigan), Butte 
(Montana), one or two mines in Chili, the Ashio mine of 
Japan, the Rio Tinto series in the Spain-Portugal region, 
and the Mansfield mines of Germany, and the copper product 
of the world is extremely slight. Yet these important areas 
cover only a few hundred square miles. Africa, outside of 
Cape Colony, Asia, exclusive of Japan, and South America, 
with the exception of Chili, are practically non-producers of 
copper. But in all of these regions copper is found, and if 



COPPER. 


221 


the demand continues to increase, and facilities for trans- 
portation are introduced, some of these will be developed, 
particularly if, as seems possible, the present extravagant 
production of the large mines of this country continues until 
they are exhausted. The American mines have had a dis- 
^rbing influence on the copper market of the world, and 
have made copper mining impossible in some districts ; but, 
on the other hand, they have been the means of introducing 
new and more economical methods of extraction, and, at the 
same time, by reducing the price, have aided in the introduc- 
tion of copper into new fields. 

It will bo noticed, in the above description of the copper 
occurrenr^'s of the world, that the Lake Superior mines are 
practically unicpie in the fact that they are deposits of native 
copper. Elsewhere the predominating ore is chalcopyrite, 
and, to a less extent other sulphides, below the water line, but 
above this carbonates and sili(;ates predominate. As to the 
mode of occurrence, copper is found in segregated veins in 
the metamorphic rocks, in fissure veins and contact deposits 
principally in other rocks, and also, in some eases, in the 
metamorphics. Tliere is an almond universal e ".sociatioii 
with igneous rocks, and, in some cases, this can be ^hown to 
be due to the presence of the igneous rocks, while, in other 
instances, this relation seems probable. While this associa- 
tion is at times a true contact effect, it is generally the result 
of a secondary process of concentration. Usually the copper 
is associated with other sulphides, chiefly blende and galena, 
and very commonly it is argentiferous and auriferous. This 
association with other metals is particularly common in the 
fissure veins, and sometimes one, so. etimes another, of the 
sulphides predominates. 
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While in most cases the ores of copper are associated with 
igneous rocks, this is not invariably the case, as, for instance, 
in the Mansfield mines of Germany. In such places the ore 
may have been precipitated from a copper solution when the 
strata were deposited, and subsequently concentrated ; or it 
may have been concentrated from some extraneous sedimen- 
tary source, as is so commonly the case in iron ore beds. 
Analyses show copper in igneous, sedimentiiry, and meta- 
morphic rocks, and in some cases its presence can be detected 
with the eye. Therefore, any of these rocks may serve as a 
source of copper, although its predominance in igneous rocks 
and their greater liability to decay and alteration, with the 
consequent formation of various soluble salts, make these 
the most common source. 

Uses of Copper. — Since prehistoric times copper alloyed 
with tin has been used in various parts of the world for the 
manufacture of bronze. Thus it Avas used for this purpose 
in Homeric times, and it is found in tlie lake dwellings of 
Switzerland. The bronze found in Troy contains very little 
tin, and since this metal is not found in the excavations in the 
west, it seems probable that the bronze was made in Asia, 
perhaps in China or India, by some secret process and 
imported to the Avestern countries. 

By an alloy of copper and tin, although both metals are 
soft, a comparatively hard metal is produced. The properties 
of this alloy, bronze, vary greatly according to the proportions 
of the two metallic constituents, and these vary Avith the use 
for which the alloy is intended. United States ordnance is 90 
per cent copper to 10 per cent of tin, and ordinary bell metal 
is about 80 per cent copper, though the percentage varies with 
the tone required.^ Statuary bronze is generally an alloy of 
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copper, tin, and zinc ; and, in these various bronzes, the colour 
varies from coppcr-rcd to tin-white, passing through an orange- 
yellow. A bronze containing two per cent of phosphorus 
makes a metal which is claimed to be equal to the best steel. 
There are many hundred different kinds of bronze, and every 
year many patents are granted for new bronzes. 

An alloy of copper and zijic produces brass, which is found 
of so much value for small articles used in building and for 
ornamental purposes in macliinery. Copper is also used in 
roofing and plumbing, and at one lime an extremely impor- 
tant use was for sheathing vessels below the water line. This 
is still in use, by some vessels, but the demand for copper for 
this pu.poov I'i distinctly decrc^ased by the introduction of 
iron vessels and by tlie substitution of a copper paint. 

A large supply of this metal is made into copper wire ; 
but the most important present use of copper is in electricity, 
for which its high conductivity especially fils it for the con- 
duction of electric currents. With the introduction of elec- 
tricity into nearly every industry, and particularly 1)y its wide- 
spread adaptation to lighting and transportation, the demand 
for copper has increased at a marvellou.'s rate in th )ast ten 
years, a rate which has been attained by no oilier single use 
of any metal. Whether the demand will conilnue at the 
same rate, and if so, whether the sujiply will correspondingly 
increase, are questions of great interest which will probably 
be answered in the affirmative. The continued rapid exten- 
sion of electricity seems certain, and the supply of copper 
is apparently unlimited, yet it is a question whether it is 
expedient for our great mines to exhaust their supplies, for 
the benefit of a foreign market, at a lo\v price, while there is a 
danger that in the future we may need the supplies ourselves. 
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The price of copper (Lake Superior copper) has varied 
greatly since 1860, when it averaged 22 ^ cents per pound. 
During 1864 it averaged 46 cents, and in July of that 
year Avas sold at 59| cents. Tljere was, however, a gradual 
though fluctuating decline to 1886, when the price reached 
11 cents. In 1888 tlie price reached 17-^ cents, but fell 
again in 18 "9, then rose, and during 1892 the average price 
was 11| cents per jDound. The fluctuations, in the period 
immediately succeeding 1887, were due to the manipulation 
of a French syndicate. Now, owing to an understanding 
between the leading copper-producers of the world, which 
limits the production and exportation, a moderately uniform 
price is assured. 

The United States consumed, in 1860, 14,232,000 pounds 
of copper; in 1870, 24,684,000 pounds; in 1880, 63,598,000 
pounds ; in 1890, 190,541,676 pounds ; and in 1892, 266,895,715 
pounds, this recent immense increase being chiefly due to the 
demands of electricity. 

Production of Copper. — The following tables illustrate the 
distribution of the copper output of the world : — 


PRODUCTION OF COPPER IN THE UNITED STATES. 
Pounds. 


Btatls. 

1882. 

1885. 

1888. 

1890. 

1892. 

Montana . . . 

9,05S,000 

67,797,8(4 

98,.50t,000 

110,996,000 

1()4,,300.000 

MIchijfan . . . 

57,131,000 

72,7.'>9,000 

R6,,'i03,000 

100,6!)r),00() 

107, .300, 000 

Arizona .... 

17,9S4,000 

22,706,366 

33,200,000 

34,900,000 

.38,000,000 

Colorado . . . 

1,494,000 

1,140,000 

1,621,000 

6,000,000 

7,250.000 

California . . . 

R27,000 

469,000 

1,570,000 

1,600,000 

3,200,000 

Utah 

fiO«,000 

126,000 

2,131,000 

600,000 

2,000,000 

New Mexico . . 

869,000 

80,000 

1,631,000 

870,000 

500,000 

Total for the \ 
TTnitod States ’ 

00,794,000 

166,486,230 

22s,.501.00n 

259,861,000 

325,180,000 
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Of the Montana supply in 1892, 100,000,000 pounds came 
from a single mine, the Anaconda, and more than 30,000,000 
from the Boston and Montana. In LSOl Michigan produced 
ovei’ 1,000,000 pounds more copper than Montana, ljut since 
1887, with this exceptioji, Montana lias pi oduced more than 
Michigan. Since the beginning of 1883 Arizona ]jas held 
third place, although its output has steadily increased. In 
1890 Maine, New Ilanipsliirc, and Vermont i)roduced to- 
getlicr 378,840 jjounds of copi)er, and in 1892, outside of the 
states and territories in the above table, only 2,500,000 
pounds were produced in the country. 


COPPER T’KODT’CTFON OF THE TNITEl) STATES. 
L()\(, 'I'oNs (2240 Liw.). 


Yeah. 

Aauh n r. 

Valie. 

1840 

150 


1850 

050 


18(i(> 

7,200 


IHTO 

12,000 


1880 

. 27,000 

.^11,401,200 

1885 

. 74.C21 

18.202,000 

1800 

. nr ., 000 

oO.OOO.SOO 

1802 

. 145,170 

07,850,000 


In 1846 the Lake Superior mines ])roduced 26 p».r cent of 
the copper of the country ; in 1870, 87.2 per ceid ; and since 
this time the percentage has rapidly decreased, until in 1891 
only 40.2 per cent of the output of tlie country came from 
this disti’ict, while in 1892 the percentage was much smaller. 
During the year 1892 the United States imported copper to 
the value of ^§^730,384, while it exported {ii5l0,102,870 worth 
of this metal. The imports, which come mainly from C inada 
and Spain, are chiefly ores which are melted in the United 
States. Our su])ply therefore greatly exceeds our needs. 
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COPPER PRODUCTION IN THE WORLD. 
Long Tons (2240 Lns.). 


Countries. 

1879. 

1883. 

1887. 

1890. 

1892. 

United States . . . 

23,a50 

51,570 

70,100 

110,000 

145,170 

Spain and Portugal . 

33.301 

44,007 

53,700 

51,700 

40,600 

Chili 

40,318 

41,000 

20,150 

20,120 

20,000 

Japan 

3,000 

7,000 

11,000 

15,000 

18,000 

Germany .... 

0,000 

14,(>43 

14,875 

17,800 

10,087 

Australia . . .' . 

0,500 

12,000 

7,700 

7,500 

7,700 

Mexico 

400 

480 

2,050 

4,325 

7,003 

Africa 

4,328 

5,000 

7,250 

0,450 

6,728 

Russia 

3,300 

4,400 

5,000 

4,800 

5,000 

Venezuela .... 

1,507 

4,018 

2,000 

5,040 

3,021 

Total for World . 

151,003 

100,400 ^ 

223,708 

200,015 

201,474 


The notewortliy fccatures of tliis table are the remarkable 
increase of the production in the United States, the steady 
increase of the Japanese output, the increase in Mexico, 
since the opening of the Boleo mine in 1887, and the steady 
decline of the Chilian copper production. 


COPrER PRODUCTION BY CONTINENTS. 
Long Tons (2240 Lns.). 


Continents. 

1884. 

1886. 

1889. 

1891. 

North America. . 

03,003 

73,845 

110,1,74 

137,804 

Europe .... 

75,224 

75,203, 

84,813 

81,210 

South America . . 

. 48,209 

40,088 

31,083 

20,016 

Asia 

10,000 

10,000 

15,000 

17,000 

Africa .... 

6,200 

0,125 

7,800 

0,020 

Australasia . . . 

1 14,000 

0,700 

8,300 

7,500 

Total . . . 

218,750 

214,001 

258,120 

278,009 
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The African supply comes from Cape of Good Hope, the 
Asiatic from Japan, the European chiefly from Spain, 
Portugal, and Germany, the South American mainly from 
Chili and Venezuela, and the North American almost entirely 
from the United States. 

COPPER PRODUCTION OF THE WORLD. 

Long Tons (2240 Liis.). 


1879 151,063 

1881 103,369 

1885 225,592 

1888 258,020 

1890 209,015 

1892 291,474 


It is a remarkable increase in the production of an im- 
portant metal, which nearly doubles the output in fourteen 
years, and this could be made possible only by a marked 
increase in the uses of the metal. It is a striking fact 
in this connection that tlie price has fallen in this period 
less tlian G cents, or from an average of 17 J cents for the 
year 1879 to 11^ cents in 1892. Of the total output of 
291,474 tons in 1892, the United States suppliv nearly 
one-half. 



CHAPTER X. 


LEAD AND ZINC. 

Lead, 

General Statement. — The ores of lead and zinc are almost 
inseparably associated ; for, with very few exceptions, the 
mines of the one contain the other, although usually one of 
the two predominates. The metals are, however, considered 
separately in this case. There are tw’o general sources of 
lead, the argentiferous and the non-argentiferous galena, the 
latter being found usually in association with zinc blende, 
and both of these lead ores being weathered near the sur- 
face to the carbonate cerrusite, the sulpliate anglesite, etc. 
Where the ore is argentiferous, it is generally found in fis- 
sure veins or near* some eruptive rock, but the non-argen- 
tiferous galena occurs commonly in stratified rocks. 

As in the case of gold, silver, and copper, the principal 
source of this metal is the Cordilleras, but the states of the 
Mississippi valley are also important producers. In the 
former region the ore is chiefly silver and gold bearing, in the 
latter it is non-argentiferous and is associated with zinc. 
Were it not for the presence of the precious metals in much 
of the Cordilleran galena, it is doubtful if the output from 
these states would be so great. Non-argentiferous galena 
can be profitably obtained only where it is easily mined or 
where it exists in considerable quantities. 
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Appalachian District. — From Maine to Georgia galena 
occurs in the metamorphic rocks; and at numerous points 
in this belt mines have been opened in these veins. Some 
of these have been exploited for many years, and even made 
to produce fair returns, but very few are open at present. 
The ore occurs generally in small veins, sometimes segre- 
gated, but it is usually not sufficiently argentiferous nor 
extensive enough to make mining profitable. Moreover, the 
veins are not always permanent, and they usually become 
poorer as the depth inci eases. This region never will become 
important in the production of lead, but it may, in time, 
become of more importance than it is at present. 

Missouri T.Pad District. — In various parts of Missouri, 
Kansas, Wisconsin, Illinois, and other neighbouring states, 





Fig. 20. — Ideal faectioii showini; modo of occiureiice of lead in AVisconsin, 
a, lead-bearmg btiatum. 


lead and zinc are found, free from association with he pre- 
cious metals, in the ores galena and blende. The icgion is 
one of slightly disturbed sedimentary rocks, of a'l age vary- 
ing from Cambrian to Carboniferous. Certain strata of lime- 
stone, of a dolomitic character, are ore-bearing, those in the 
upper part of the region being the Galena limestone of 
LoAver Silurian age, and in the lower part strata of the 
Keokuk group of the Lower Carboniferous. When the Mis- 
sissippi valley was first exjfiored, lead was found in bouldei’S 
on the surface, and this added zest to 'he early explorations 
for the precious metals, which, however, were never found 
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in this region. The early settlers in the valley found this 
lead of great value in the manufacture of shot and bullets, 
since the transportation of this heavy metal, from the sea- 
shore through the wilderness, was a very difficult task. At 
first the lead was smelted by very primitive methods and 
moulded into the required form, but before the beginning of 
the presetit century, a shot tower was erected there. Actual 



Fig. 21. — Ideal section sliowiiig forms of “openings” and ore deposits in tlio 
Galena limestone, Wisconsin, o, vertical crevice opening; h, cave opening; 
c, gash vein ; d, d, d, flat openings. (After Chamberlain.) 

mining was first begun near St. Louis, but it was not long 
before mining operations were extended into the neighbouring 
states. 

The ore occurs in the nearly horizontal limestones in flat 
openings parallel with the bedding, in gash veins of variable 
size at right angles to this, and in caves in the limestone. 
Fossils are not uncommonly found replaced by galena or 
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blende, and in tlie caves actual stalactites of galena occur. 
These facts show that the ore has been gathered together 
since the formation of the limestone ; and as it is confined 
to single strata over wide areas, it is certain that its origin 
is either from the ore-bearing sti-aturn or from the strata 
immediately above or below, pro])ably the former.^ 

As we proceed in the study of Icad-zinc deposits, it will 
be found that this is a common mode of occurrence in various 



Fig. 22. — Section sliowin*; flats (<0 and pitches (c) in Gal a 
limestone, Wisconsin. (Modifled from ChaniberUiiii.) 


parts of the world, and it must be granted that, in certain 
limestones, usually doloniitic limestones, tlicre was a store of 
disseminated zinc and lead, which, under favourable circum- 
stances, was accumulated into these deposits. Sea-water 
contains these metals, and they may have been precipitated 
from solution, or certain animals may have extracted them 

^ Recent studies show tliat then* are .sinafl "ssurrs connected with tliese 
deposits and that they have in part inlhieiiceii the ore accumulations ; but 
this does not essentially modify the above conclusions. 
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from the water and built them into their calcareous skeletons. 
A plausible and rather attractive tlieory is that the source 
is from sea-weeds, which at present arc known to contain 
these metals. This theory assumes that in the sea, over the 
point where the ore-bearing limestone was being deposited, 

a Sargassum sea existed, as is the 
case in the cential North Atlantic 
and other oceans, in the swirl en- 
closed by oceanic currents. Tlie 
Mississippi valley, in the Pala 30 zoic, 
was occupied by a great ocean 
bounded by land areas on the 
north, cast, and west, and such a 
condition may well have existed 
there. If such an accumulation of 
sea-weed did exist in this region, 
the constant decay of the vegeta- 
tion might have furnished to the 
ocean bottom a supply of botli these metals, but it must be 
admitted tliat this is merely hypothesis. Tlie facts are that 
in some way zinc and lead were incorporated into these strata, 
and later segregated, but by just what means we cannot say. 

Even from the very first, these deposits have been worked 
by individuals or small companies as superficial open-work 
mines. The conditions do not favour the formation of large 
companies, because tlie mining operations arc simple, veiy 
little machinery is called for, drainage is easily obtained, and 
no deep or extensive tunnels and shafts are needed. More- 
over, the ore is found in irregular accumulations, sometimes 
yielding large returns, but often being absent. These con- 
ditions have led to the general adoption of this system, each 



Fia. 23. — Section showing gash 
yeiii cave opening (/;), 
and flat opening (0» in the 
Galena limestone. (Modi- 
fied from Chamberlain.) 
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land-owner working his own area or leasing it to others on 
shares. Recently, however, the mining operations have been 
extended by the discovery of the ore, in borings, at consider- 
able depths, and even beyond the limits of the original lead- 
producing belt. By these means the district is becoming 
more productive. 

Colorado Lead Mines. — The Leadville silver-lead vein, in 
the Mosquito Range, at the head-waters of the Arkansas 
River, has been one of the remarkable lodes of the country ; 
and this gave to Colorado its first important start as a 
mining state. From an area of about a square mile tlie 
output of silver has been, for a number of years, greater than 
that of foreign country, with the exception of Mexico. 
During the same period the production of lead has been 
nearly equal to that of England, and greater than any otlier 
European country excepting Sjxiin and Germany. In 18G0 a 
placer deposit of stream-gold was found, in a gulch near this 
lode, and several million dollars’ worth of this metal was ex- 
tracted, causing tlie establishment of a flourishing town 
called Oro, which, however, soon lost its importauee when 
the gold began to be exhausted. Not until 1876 ^as the 
carbonate of lead, which has since been so important, ac- 
tually recognized. 

There are several modes of occurrence in this vein; but 
the typical one (Fig. 24) is between a bed of blue-gray dolo- 
mitic limestone of Lower Carbonifevv)us age, for a foot wall, 
and a sheet of porphyry for the hanging wall, the dip being 
extremely variable, from stcej) to very gentle. The upper 
wall is sharp and distinct, but the ore passes by grailual 
transition into the underlying limestone. Argentiferous ga- 
lena, bearing native gold, is the actual ore, but above the 
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water line this is weathered to the carbonate and sulphate. 
The gangue is limestone, barite, and chert, with ores of anti- 
mony, mol} bdenum, copper, bismuth, zinc, etc. Through this 
the ore is distributed irregulaily, the lead ore being chiefly in 
the limestone, the copper and gold in and near the eruptives 
and crystallines. Mr. Emmons,^ who has studied this vein, 
has arrived at the conclusion that the ore was deposited in 
the form of sulphides in the overlying quartz porphyry, 



Fig. 24. — Cross section of Eveniuii: Stai Mino, (’arbonatc Hill, Lcad\ille, Colo- 
rado o, recent deposits, poipliyiy, t, white poiphjiy, d, white limo- 
stone, e, vein niateiial in hlnc hiucslonc stratum, /, fault, o, ore, /, quartz- 
ite, 1 , blue limestone , /, lower quart/ite. (Alter Emmons.) 


and afterwards leached from this by percolating water. The 
strata are faulted ; but since ore is not found in the faults, 
the necessary conclusion is tliat they were formed after the 
accumulation of the ore. An easy passage-way for the 
metalliferous solutions was furnished along the contact plane 
of the porphyry and limestone; and this served as an ore 
channel, in which the minerals were deposited, and from 
which they penetrated both the porphyry and the limestone, 

w 

^ Monograph, U. S. Oeol. Survey, Vol. XII., 188G, Oeoloyf/ and Mining 
Industry of Leadmlle, Colorado, 
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but particularly the latter, replacing it atom by atom. Ac- 
cording to this explanation, the vein is, therefore, partly an 
ore channel, partly a replacement deposit, and not a contact 
vein, as might at first appear probable, although there seems 
every reason to believe that the intrusion of some of the 
igneous rocks in the neighbourhood furnished heat to the 
percolating waters. 

The Leadville mines have exhausted the best of their 
easily mined carbonate ; and in the future the output from 
this district will probably continue to decrease, as it has in 
the past few years. However, other mines are in operation, 
and new ones continually being opened. What permanent 
effect th'' recent fall in juice of silver will have upon 
these mines cannot at the present time be stated ; but it 
will not be surprising if it serves to close many of the 
lead-silver mines, and to reduce the output of lead from 
these sources. 

Other Western Lead Mines. — The lead veins of the west 
are practically all argentiferous galena ; and the descrii)tion 
of the Leadville mine, together with that of the Eureka 
and other mines in the chapter on silver will ser e to illus- 
trate these modes of occurrence. Utah is next in iinj^or- 
tance to Colorado, and some of the mines of thi - territory, as 
well as of Idaho, have already been mentioned. Idaho is 
producing large quantities of this metal, principally from the 
famous Canir d’Alene mine, which, in 1891, had an output 
of about 66,000,000 pounds of lead from a low-grade silver- 
lead sulphide, which exists in great quantities, and promises 
in the future to increase in importance. The ore occurs in 
metamorphic quartzites cand schists Inch have been folded 
and faulted, and the gangue is siderite. Montana, Arizona, 
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and New Mexico also produce lead from their argentiferous 
galena mines ; and, in smaller quantities, this metal is obtained 
from the other states of the Cordilleras. 

Foreign Lead Mines. — Spain is the leading lead-produc- 
ing country of the world, and here, as in the United States, 
there are two sources, — the argentiferous and the noii-argen- 
tiferous ores. The most important non-argentiferpus galena 
district is in the province of Jean, which produces nearly 
two-fifths of this class of Spanish ore. Here the lead occurs 
in true fissure veins, which traverse a series of nearly hori- 
zontal Triassic sandstones, and an underlying granitic mass. 
A very little silver and some blende occur, the gangue 
being quartz. Of even more importance than this district 
is the province of Murcia, where the ore is found in nearly 
vertical fissure veins traversing Silurian slates, limestones, 
and intrusive trachytes. The ores are partly argentiferous, 
partly non-argentiferous galena, in a gangue of quartz, calcite, 
and barite. A third im2)ortant mine is in the jjrovince 
of Almeria, where galena, chiefly non-argentiferous, occurs 
in metainor2)hic 'rocks. Portugal has dej)osits not unlike 
those of Spain, but of much less importance. 

Germany produces lead, •usually argentiferous, from the 
famous veins which have already been mentioned under 
silver, in the Harz, Erzgebirge, etc. (Clausthal, Ramm'els- 
berg, St. Andraesberg, Freiberg, etc.), and also from the 
Rhenish provinces, particularly Westjfiialia. Here galena 
occurs in nodules and grains cementing a Devonian sand- 
stone; and near Cologne in Silesia lead sulphide, accom- 
panying blende, is found in limestone. The most important 
.source of this metal is in the fissure and segregation veins 
of the great mining districts, already referred to, where 
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copper, zinc, silver, lead, and other metals all occur together. 
In Europe, the next most important lead-producing country 
(Mexico and New South Wales are more important) is 
Great Britain, Both the Cornwall and Devonshire districts 
are lead-producers, hut they are losing importance in this 
respect. Twenty-five years ago Devonshire had an annual 
output of over 1000 tons of lead, and Cornwall over 
6000 tons, but now tlie output is much less. Elsewhere 
in England galena is found in flats and fissures in limestone. 
In north England two sets of fissure veins cross the Carbo- 
niferous limestone, and from these there are branching flats, 
which sometimes lead to caverns, these being connected 
with llio r.'.-'ires by thin stringers or leaders. The gangue 
is calcite and quartz, and it also contains some blende. 
Nearly the same occurrence is noticed in Yorkshire, and lead 
is also found in Wales, Scotland, and Ireland, in nearly the 
same modes of occuiTence as in England. 

In Italy and Belgium galena is found associated with 
zinc blende in inodes of occurrence wliicli are described 
in the latter j^art of this eliapler. On the mainland of 
Italy galena also occurs in gneiss with very li e blonde, 
and in Belgium a lead vein crosses both the Carboniferous 
limestone and the Coal Measures and sends branches between 
the contact of the two. Austria-Hungary produces both 
zinc and lead, from the large veins, already mentioned in 
a previous chapter, and from a deposit of dolomite Neither 
Russia, Sweden, nor France arc of marked importance in 
the production of this metal, but each produces some. The 
supply from Russia is obtained partly from argent^ lerous 
galena veins and partly from the To lisli zinc-lead deposits. 
Sweden produces argentiferous galena from the metamor- 
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phic rocks, and France also has argentiferous lead veins 
crossing metamorphics and eruptives. 

Important deposits of lead occur in New South Wales, 
but we know little about the mode of occurrence there, 
excepting that the supply comes chiefly from silver-lead 
mines. Mexiofin lead ores are partly smelted in this country, 
and our knowledge of the position of the industry, as well 
as the occurrence of the ore, is obscure. 

Origin of Lead Ores. — Like all metals, the original source 
of this one was probably igneous rocks, although it has come 
into its present position in a variety of ways. The metal 
easily oxidizes, and forms soluble salts, which readily find 
their way into sedimentary rocks. It may be said that lead 
deposits are found in three principal modes of occurrence: 
first, in fissures or other cavities through which metalliferous 
solutions pass ; secondly, in segregated veins where rocks 
are metamorphosed ; and thirdly, in local deposits derived 
locally from mineral originally disseminated. The first two 
are generally argentiferous, while the third is usually associ- 
ated with zinc. These occurrences are more fully described 
in the chapters on silver and zinc. 

Uses of Lead. — This metal finds numerous uses in the arts, 
and these are being extended and increased every year as 
the output increases. White lead, the carbonate, to be used 
in paint, still continues to be the most important use of lead, 
and litharge, the oxide of lead, is also made into paint ; but 
much of the supply of this metal is manufactured into pipe 
and sheet lead for plumbing and various other purposes. 
These latter uSes of the metal are favoured by its low 
mblting-point, its softness, the ease with which it can be 
soldered, and the fact that it does not rust extensively. 
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An alloy of lead and arsenic^ makes lead harder, more 
fusible, and gives to it the habit of assuming a spherical 
form when dropped through the air. This alloy is used in 
the manufacture of shot, and this industry calls for large 
annual supplies of lead. Other alloys are used for vaiious 
purposes, but the only very important combination is the 
type metal alloy, which is a mixture of lead and antimony, 
at the ratio of 76 to 24.^ This reduces the melting-point 
below the average of the two, makes the alloy harder than 
lead, and gives to it the power of expanding on cooling so 
that it can be cast, a power which lead alone does not 
possess. The manufacture of type metal is a delicate proc- 
ess, too much antimony is used, the alloy is too 

hard, and it becomes too soft if the propoition of antimony 
is too low. Under the heat of melting to form the alloy, 
the antimony may be partly oxidized and lost, and this has 
to be avoided by careful methods. 

The price of lead has steadily decreased, with some fluc- 
tuations, since 1870, when it was 6.25 cents a pound, to 
1892, when it averaged 4.09 cents for the year, but in 
December was 3.80 cents. During ihis time i has never 
been above 6.55 nor below 3, but has averaged about 5 cents. 

Production of Lead. — The available statistics for this metal 
are not so complete as tor those previously considered, 
nor is the metal of as much importance. Since the lead is 
so frequently smelted from other ores, and since much of 
it is made into white lead, it is difficult to estimate the value 
of the industiy. The following tables will, however, serve 
to illustrate the distribution of lead and the chai ges in 

^ Three parts of arsenic to 700 parts of lead. 

* There are numerous varieties of type metal of varying composition. 
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output of the different districts, and this is- the chief object 
of the tables of statistics in this treatise. 


PRODUCTION OF LEAD IN THE UNITED STATES. 
JSnoRT Tons (2000 Lhs.). 


States. 

1873. 

1876. 

1880. 

1885. 

1890. 

1891. 

1892. 

1 

Colorado 

5G 

SIS 

35,074 

55,000 

M,500 

01,000 

01,500 

Utah 

15,000 

19.000 

15,000 

23,000 

18,000 

28,000 

80,000 

Idaho-Montana 




15,000 

33,000 

40,000 

30,500 

Mississippi 1 valley .... 

22,3S1 

24,730 

27,090 

21,975 

31,351 

84,000 

87,000 

Nevada 



10,090 

3,5th> 

2,000 

2,500 

2,500 

Arizona-Ciilifornia 




4,000 

1,500 

2,000 

2,000 

Total .... 

42, MO 

59, MO 

97,S25 

129,412 

143, K70 

178,133 

178,892 


The remarkable increase in the output of Colorado is note- 
worthy, although since 1889 there has been a considerable 
decrease. Utah has steadily increased, as has also the Idaho- 
Montana production. This comes principally from Idaho, 
and the decrease \n 1892 was due to the disastrous strike 
in the Coeur d’Alene mine, which caused the suspension of 
mining operations for several months. Nevada shows a 
marked falling off in lead production, as indeed it does in 
nearly all industries. During the year 1892, in addition to 
the output above enumerated, 9392 tons of lead were pro- 
duced by other states and territories, chiefly from New Mex- 
ico, and about 39,608 tons were produced from Mexican ores 
smelted in this country. 

^ The estimate ler the Mississippi valley includes all of the non-argen- 
tiferous ores ; but most of them are from the states in the lead-bearing dis- 
trict of the Mississippi valley, although a small amount comes from the 
Appalachian states. 
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The following table from the census statistics, based upon 
a study of the mines and an estimate of the lead contents, 
shows the distribution of the lead production by states : — 

LEAD PKODUCTION IN THE UNITED STATES, 1889. 


States. 

SitoRT Tons 
(2000 Lds.). 

Value at Place 
OF Production. 

Colorado 

70,788 

2,101,014 

Missouri 

44.482 1 

1,571,101 

Idaho 

23,172 

1,042,029 

Utah 

10,075 

703,329 

Montana 

10,183 

450,075 

New Mexico 

4,704 

170,754 

Kansas 

3,017 1 

103,230 

Arizona 

3,158 

08,747 

Nevada 

1,004 

72,053 

Wisconsin 

1,078 

04,002 


PRODUCTION OF LEAD BY THE I'MTKD STATES. 


Years. 

SiroHT Tons 
( 2000 Liis.). 

Mexk’vn Ore 

SMELTED IN L.S. 

Total Value at 
New York. 

1825 

1,500 



1835 

13,000 


.... 

1845 

30,000 


.... 

1855 

15,800 


.... 

1806 

14,700 



1870 

17,830 



1876 

04,070 



1881 

117,085 


$11,240,100 

1886 

135,020 


li:,007,740 

1889 

157.307 

25,570 

10,137,080 

1890 

143,870 

18,124 

14,200,703 

1891 

178,133 

23,807 

17,674,000 

1892 

178,802 

30,008 

17,917 «m:k) 


1 Lead ore. 
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With some fluctuations the United States has thus steadily 
increased its output since 1825; but between 1870 and 1880, 
when the mines of the Cordilleras became of importance, 
there was a very striking increase. In 1892, 142,087 tons 
of the total lead product came from desilverized ores. 

PRODUCTION OF LEAD IN THE WORLD. 

Metric Tons (2204 Lhs ) are i sed for All rut the United States 

ANT) Me\IOO, A\HlRh SllORl ToNS ARE USED. 


Colntries. 

1885. 

1887. 

1889. 

1890. 

1891. 

Spain 

78,980 

1 10,1)32 

102,000 

103,838 

236,000 

United States . . . 

129,412 

145,212 

157,307 

143,876 

178,133 

Germany .... 

^ 1)3,134 

04,021 

100,001 

101,781 

95,016 

Mexico 1 • . . . . 

. . . 

15,488 

25,570 

18,124 

23,867 

New South Wales 2 . 

104 


35,140 

41,090 

56,304 

Great Britain . . . 

38,390 

38,411 

36,189 

34,139 

32,731 

Italy 

10,401 , 

17,705 

18,105 

17,768 

18,500 

Austria-Hungary . . 

10,025 

9,605 

10,003 

9,552 

8,683 

Russia ... 

714 

988 

578 

838 

900 

Sweden ... 


282 

254 

310 

299 

Canada ... 

.... 

03 

75 

51 

267 


1 Mexican statistics are not obtainable, because part of the ores are 
smelted in this country. Recently smelters have been established in 
Mexico which The Mineral Industry estimates will produce in 1893 about 
45,000 tons of lead, having smelted something like 35,000 tons in 1892. 
The statistics for Mexico are based upon the lead product from ores smelted 
in the United States, and are therefore far below the truth. 

2 No statistics are at band for the output of lead m New South Wales, the 
estinnite given sdpove being the exported lead, and it is consequently less than 
the actual production. 

The United States includes only lead of domestic production, excepting 
in 1885, when Mexican ores are included. 
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A remarkable increase is noticed in the Spanish pro- 
duction, which has exceeded that of the United States, 
and given to Spain the first place, which the United States 
held for awhile. The rapid increase in the production of 
New South Wales and the steady decline of tlie British 
production are also striking. Mexico should probably hold 
fourth place in the table, although exact statistics cannot 
be given. The total production of lead in the world in 
1891 was probably about 650,300 tons. 


Zinc. 

Genorai. Statement — Zinc is found cliiefly in the ore 
sphalerite, or blende, the sulphide of zinc ; Imt in nearly all 
mines of this metal other ores, chiefly weathered forms, are 
found, the most important of these being willemite, the 
silicate ; calamine, the hydrous silicate ; and sinithsonite, the 
carbonate. In the New Jersey mines the ore is the red oxide 
zincite, and willemite, with the zinc-iron oxide franklinite. 
Blende occurs usually in association witli galena, the latter 
generally predominating in the fissuit; veins, the ‘'ormer in 
local deposits derived from the enclosing strata, xhe former 
mode of occurrence has been described in th^ chapter on 
lead, and some of the descriptions which follow, being prin- 
cijjally of lead-zinc deposits, must be considered to apjdy, in 
general, to lead. When blende is associated in minor quan- 
tities with lead, it can be extracted where economic methods 
are in use, but in our western silver-lead mines, blende is not 
found in sufficient quantities to be of much value. There- 
fore the Cordilleras have product.*. })ractically no zinc, 
although this metal may exist there as veins of blende. 
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which have escaped the notice of the prospectors, who would 
not be familiar with its appearance, the ore being non- 
metallic in lustre. In distribution, zinc differs widely from 
the last four metals, the chief source being the states of the 
Mississippi valley and one or two eastern states, notably 
New Jersey and Pennsylvania. 

Zinc itt the United States. — No further description of the 
lead-zinc deposits of the Mississippi valley is called for, 
since the blende and galena are found together in the same 
stratum, often in intimate association. Nevertheless, especial 
attention is called to the description in the preceding section 
of this chapter, for comparison with the mode of occurrence 
in some of the foreign zinc mines. From this general region 
the chief supply of zinc comes from the Joplin district, in 
southw'estern Missouri, and across the line in Kansas, where 
much progress has recently been made in the exploration of 
the deposits in the Keokuk group. 

Next to the mines of the Mississippi region the New 
Jersey zinc deposits are the most important in this country. 
This district includes two general mining areas situated 
close together, in Sussex County, one at Franklin Furnace, 
the other a few miles south of this at Ogdensburg. In both 
mines the ore is zincite, willemite, and franklinite, and the 
gangue calcite, included in nearly veitical beds of white 
limestone closely associated with, and for a long time sup- 
posed to be enclosed in, Archean gneisses. Not far distant 
from the mines there are igneous masses, and recent studies 
seem to show that the white crystalline limestones are not 
Archean, but Cambrian beds, metamorphosed by the intrusion 
of these igneous rocks, which are mainly granites. In the 
neighbourhood there are large areas of a blue dolomitic lime- 
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stone of Cambrian age, which is not metamorphosed, and it 
is this which is believed, by those who have most recently 
studied the region, to have funiished the zinc during a com- 
plete alteration to white crystalline limestone. In the blue 
limestone, blende is sometimes found cementing a breccia. 
The vein itself appears to be of true segregation origin, and 
the walls are not distinct, but the vein becomes poorer on 
either side, until only here and there a crystal or nodule of 
ore is found. Studies of these mines have convinced the 
author that segregation, as illustnited here, is a process, 
partly of replacement, partly of crowding the enclosing 
minerals aside to give room for tliose which are forming. 

An:>tiK* »mportant zinc mine is found in the Saucon 
valley, Pennsylvania, and this is also in tlie blue magnesian 
limestone, which lias been very much fissured and crushed, 
tlie ore being deposited between the brccciated fragments. 
The ore in the upper parts of the mine is calamine, but it 
changes below to blende. Fiom 1853 to 1876 this mine 
produced considerable zinc, but since then it has been of 
very little importance. In southwestern Virginia calamine 
occurs in crystalline limestone, and probably V ore here 
also changes to blende. Other zinc mines in tiie United 
States are of little importance. 

Foreign Zinc Mines. — Considerable zinc is found in Bel- 
gium and the Rhenish provinces of the German Empire. 
The ore in Belgium is chielly calamine, although other ores 
also occur. . It is found at Bleiberg, in small veins and irregu- 
lar masses, in a Carboniferous limestone crossed by a fissure 
vein which has been filled with brecci.xted fragments, partly 
cemented by ore, and then later ret pened and again filled. 
Both blende and galena occur there. Near Aix la Chapelle 
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a bed of zinc occurs in Carboniferous dolomitic limestone, 
which it has partly replaced. The ore is calamine occurring 
in lake-like depressions in the strata. This region, which 
was exploited in the fifteenth century, has produced more 
than 1,500,000 tons of remarkably pure zinc ore. Near 
Cologne this metal is found, in the form of blende, with 
galena, ^ ii basin-like depressions. 

A very important zinc-producing region is in Silesia, in 
Germany, and extending into the neighbouring country of 
Poland. Here both calamine and galena occur in troughs, in a 
dolomite (^Miisclielkalk')^ evidently the result of concentration 
from the dolomite. The calamine changes below to blende, 
and kernels of this mineral are found enclosed in calamine, 
showing jjlainly that the latter is denived fi’om the former by 
weathering. Tliis same bed of jMuselielkalk produces zinc 
elsewhere in Germany, and blende is found also in the Black 
Forest, replacing fossils, and also in the various lead mines 
of the nation. The chief supply of this metal in Germany 
comes, however,, from Silesia and the Rhenisli provinces. 

The statements concerning the lead occurrence of Great 
Britain apply also to zinc, since this metal is practically 
coextensive with the lead. Austria-Hungary has zinc in 
very neaily the same modes of occurrence as Germany, 
dolomite being at times the country rock, while, in other 
places, lead-zinc ores are found in veins traversing meta- 
morphic, igneous, and sedimentary rocks. Important zinc 
deposits occur in Italy, chiefly on the island of Sardinia. 
Here also the ore is calamine and blende associated with 
galena, occurring in a dolomitic limestone. Other Euro- 
pean countries, notably Sweden, produce some zinc, but 
none of them are of particular importance. Several zinc- 
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producing districts occur in Spain, the ores there also being 
calamine and blende. 

Outside of Europe and the United States very little zinc 
is i)roduced ; but it seems hardly probable that this metal is 
confined to these two districts, and the fact that tliese are 
the two most explored and most accessible regions renders 
this still more improbable. There are no signs of exliaustion 
of our zinc ores ; but if they are exhausted, there need be 
little fear that their place will not be taken by new dis- 
coveries either in our western country, or in some other 
partly explored j-egion. 

Origin of Zinc Deposits. — This metal, like many others, 
may be said lo have a typical mode of occurrence, although 
it is true that there are variotions from this. Ores of zinc, 
usually as minerals of secondary im2)ortancc, occur in many of 
the deposits of other metals, particularly argentiferous galena. 
In such places the origin of the zinc is the same as that of 
the galena and other ores, whatever this may be. But when 
zinc predominates, or forms a considerable percentage of 
the ore, in the vast majfnity of important minc"’ the associa- 
tion is with dolomitic limestone. It is not pos >le to state 
the exact mean in 2: of this association. Dolomitic limestone 
is sometimes originally dej)().' 5 ited as such, bui at times it is 
the result of a secoiuhuy alteration 01 ordinary limestone. 
Admit that a limestone thus changing is zinc-bearing, and it 
is readily conceivalde that, as cne*i*esult of tl)p alteration, 
the disseminated zijic may be segregated. Magnesian lime- 
stones, when originally deposited as such, are very fre- 
quently precipitated from solution in saline waters, usually 
dead seas. Such is the case with uie Permian dolomites of 
Texas ; but in other dolomites the evidence points to accu- 
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mulation in open seas where precipitation has probably not 
occurred. In these cases the magnesia may have been intro- 
duced by organisms which contained it in their tests or 
calcareous skeletons. 

Various hypotheses have been suggested to account for 
the mode of origin of the galena-blende deposits of the 
Mississippi valley, and these may with equal force be ex- 
tended to account for the zinc deposits elsewhere. There is 
a remarkably uniform association with dolomite, and from 
whatever source we may assume the original supply to have 
been derived, and these sources are probably various, subse- 
quent concentration, akin to the concretion of flint in chalk, 
has been brought about by the gathering together of the 
zinc from the dolomite, sometimes by metamorphism, as in 
N^gjJersey, sometimes by slow changes not strictly meta- 
mOtpne. Certain of the zinc deposits which occupy basins 
in the rock seem to have been precipitated in these positions 
originally, although it is possible that this is merely an 
appearance simulated by a deposit of secondary origin. 
These remarks apply with equal force to the associated 
galena. The striking feature of zinc, and of many lead 
deposits also, is the general association with sedimentary 
rocks and their accumulation without the intervention of 
the more potent vein-forming agencies. In this respect they 
differ from gold, silver, and copper, and more closely resem- 
ble iron. 

Uses of Zinc. — This metal, in the state of the oxide form- 
ing zinc-white, is used as a base for paint in the place of 
white lead. Formerly zinc was used for sheathing vessels, 
but very little is "at present supplied for this purpose. For 
plumbing and roofing, zinc is in common use, and as a 
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coating to iron this metal is extensively called for in 
galvanizing. 

One of the most important uses is in the manufacture of 
brass, which is ordinarily composed of from 66 to 73 parts of 
copper and* 27 to 34 parts of zinc. Tlie composition varies 
entirely according to the use for which it is intended, and, 
with the variation in proportion, the colour becomes more 
golden or whiter, according as the proportion of copper is 
increased or decreased. With an increase in the projjortion 
of zinc, the alloy becomes more fusible, harder, and more 
brittle. Brass was made long before zinc as a metal was dis- 
covered, and Aristotle says tliat the people by the Euxine 
Sea made their copper a beautiful whitish colour by mixing 
with it a white earth found there. Strabo also tells us that 
the Phrygians made brass in this way. 

Another alloy of zinc and co])per in common use is white 
metal, in which zinc predominates. From this, buttons are 
frequently made. Imitation gold is also made by alloying 
zinc with a predominance of copper, varying from 77 to 85 
per cent of the mass, and this is in common use as “gold- 
foil ” for gilding. Zinc is also made use of in th construc- 
tion of electric batteries. 

This metal is much less important than those hitherto 
considered, with the exception of plaiinum, and less is 
produced in the Avorld. Since 1875 the price of spelter^ 
has gradually decreased from an a'^^emge of 7 cents a pound 
to an average of 4.63 cents in 1892, and in December of 
that year the price was 4.40 cents a pound. 

Production of Zinc. — The available statistics for the pro- 
duction of zinc are not very satisfactory, for the reason 
} Spelter is the commercial name for zinc. 
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that it is frequently not smelted in the same state, or, at 
times, even in the same country, wlicre it is produced. 
We have statistics for the production of spelter, but this 
shows little with refeience to the distribution of the metal, 
which it is the purpose of these tables to illustrate. These 
statistics are introduced, however, as the best that can be 
obtained. Tlie first table illustrates the spelter production 
in this country since 1882, but it will be noticed by com- 
parison with the second that this does not illustrate the 
actual distribution of the ore. 


PRODUCTION OF SPELTER IN THE UNITED STATES. 
SiioiiT Tons (2000 Lns.). 


States. 

1882. 

1884. 

1886. 

1888. 

1 1890. 

1892. 

Illinois 

18,201 

17,504 

21,077 

22,440 

i 2({,270 

30,300 

Kansas 

7,300 

7.809 

8,932 

10,432 

10,380 

23,088 

Missouri . . . 

2,000 

5,230 

5,870 

13,405 

1 13,530 

10,161 

Eastern and Southern 1 
States . . . . i 

0,698 

7,8(;i 

0,702 

0,501 

1 

1 11,153 

1 

1.3,701 

Total .... 

33,705 

38,044 j 

42,041 

55,003 

1 07,342 

83,300 


New Jersey and Pennsylvania furnish the greater part 
of the supply credited to the eastern and southern states. 
In 1873 only 7343 tons of spelter were produced in this 
country. 
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PRODUCTION OF ZINC ORE IN THE UNITED STATES, 1889. 
SnoiiT Tons (2000 Eiis.). 


States. 

Shout ^Vivs. 

Vai-i e at Mines. 

Mi.ssoiiri 


62,024,087 

Wisconsin 

24,8.‘12 

400,808 

Kansas 


200,102 

New Jersey and Pennsylvania. . 


175,082 

Southern States 

12,000 

141,500 

Iowa 

4o0 

o 

o 

Arkansas 

180 

3,250 

New Mexico 

140 

2,820 

Tot;.l . 

284, r, 08 

83,049,799 


In 1892 tlie production from tlie INIissouri-Kansas mines 
was 155,000 tons, valued at 63,519,225, sliowing a marked 
increase in this industry. 

PRODUCTION OF JMFTALLK" ZINC AND ZINC-WIIITE IN THE 
UNITE 1) STATES. 



Zinc- White. 

Metallic Zinc. 

Total 

Year. 

Metric 'Pons 
(2204 lb.s.). 

\'alue. 

Metric 4'ons 
(2204 lbs.). 

'N'alue. 

Value. 

1880 

9,171 

6708,788 

21,088 

.‘:2,277.432 

63,041,170 

1884 

11,797 

910,000 

81,9i0 

8,422,707 

4,382,707 

1888 

18,149 

1,000,000 

80,729 

8,800,885 

7,100,855 

1800 


1,000,000 

87,789 

7,474,9(i2 

9,074,902 

1891 

.... 

1,000,000 

72,834 

i 8,088,408 

9,08^ 405 

1892 

.... 

1,200,000 

78,689 

; 7,703,580 

1 

8,908,580 
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PRODUCTION OF SPELTER IN THE WORLD. 
Long Tons (2240 Lbs.). 


Districts. 

1883. 

1885. 

1887. 

1889. 

1891. 

Rhine District and ) 
Belgium . . . . i 

123,891 

129,764 

130,905 

134,048 

139,695 

Silesia 

70,405 

79,623 

81,376 

85,063 

87,080 

United States . . . 

32,837 

36,328 

44,946 

52,553 

71,662 

Great Britain . . 

29,161 

24,290 

19,839 

30,806 

29,410 

Spain 

14,671 1 

14,847 

16,028 

16,785 

18,360 

Austria 

6,207 

5,610 

5,338 

1 6,330 

6,440 

Poland 

3,733 

5,019 

3,580 

3,026 

3,760 


The total production of spelter in the world in 1891 
was over 350,000 long tons. That the tables of spelter 
production possess very little value as illustrations of the 
distribution of the output, is shown by the fact that Italy 
has no place in the above table, although it is third in 
rank of importance as a zinc-producing country, and the 
ore of zinc is, with the exception of sulphur, the most im- 
portant mineral production. The ore is entirely exported for 
reduction, and serves to swell the amount of spelter accred- 
ited to other countries, just as in the first table Illinois 
is the largest spelter-producer, although zinc is not mined 
in the state. 



CHAPTER XI. 


MERCUEY AND MANGANESE. 

Mercury. 

California Mines. — Mercury, or quicksilver, is found in 
paying quantities in but one district of tliis country, and 
here, as indeed throughout tlie world, the universal ore is 
the sulphide cinnabar, with which native mercury and some 
other orco are found* in minor quantities. In this coun- 
try, which for a long time held second place as a mercury- 
producer, but three states have ever supplied any of this 
metal ; and of these, California is the only important one, 
the other two, Oregon and Utah, having had a small out- 
put for a short time only. Ores of mercury have been found 
ill Nevada, New Mexico, and elsewhere ; but, although it 
is highly desirable to have new mines, none of them have 
proved important. 

It is noteworthy that a metal so important in gold 
mining should have been discovered in California at about 
the same time that gold was found there. In 1845 the 
occurrence of mercury was noticed, and when gold min- 
ing began, this metal was at hand in such abundance that 
California soon took second place in the quicksilver pro- 
duction of the world. The mercury of California occurs 
in a belt of metamorpliic rocks, and in these a numoer of 
mines have been opened, the most famous being the New 
Almaden afhd the New Idria. These mines have decreased 
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their output of late years, but, as some others are increas- 
ing, the total output of the state in the last year or two 
has not decreased, altliough in fifteen years there has been 
a decrease to about one-third of the outpui at the beginning 
of this period. 

At New Almaden ^ cinnabar is found in two fissures which 
unite below, enclosing a wedge-shaped mass of rocks, chiefly 
slates. Running nearly ])arallel with this, and a short dis- 
tance awa3% ^ rh)"olite, wliich is of recent age, and 

probably the cause of the quicksilver deposit. The cinnabar, 
which contains some metallic mercury, occurs in a gangue 
of dolomite, calcite, and (piartz, containing also iron pju-ite. 
There is apparently no substitution or replacement, but tlie 
ore has been deposited in cavities and has, at times, impreg- 
nated the porous rocks through which tlie fissure pcasses. 
Already the mine is below the 1800-foot level, and at this 
depth a temperature of 88^^ is encountered, which indicates 
that the volcanic heat is not yet entirely gone. 

The New Idria mine, of the same state, does not illustrate 
any new point, but the ore occurs there in sandstones. A 
third important mine of the same region is the Sulphur 
Bank, wliich was fin^t opened as a sulphur mine and later 
developed for mercury. This is an extremely interesting 
mine, since the vein is of very recent date, and, indeed, is 
apparently not yet finished. A fissure, filled \\ ith brecciated 
fragments, crosses sandstone, shale, and a capping of augite 
andesite, and in this the cinnabar serves as a cement to the 
* 

1 A description of this mine will be found in the volume of the Eleventh 
Censas upon Mineral Industries, pp. 202-216 Berkor^s Monofp'apli XIII. 
IT. S. Geol. Survey, 1888, ontitled (U'olofjy of fhr Quicksilver Deposits (f the 

f^nnat p/mtoiir" *1 vprv pomnlpt** dPKorintwm of tbpop ilpnooif'^ 
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breccia, at times impregnating the porous walls. Hot 
water still enters the vein, and it appears that the mineral 
deposition is still in progress, although the greater part of 
the work is doiie.^ The silica at present being deposited is 
still soft. Other mines are found in this same district, and 
some of them were opened in tljc early fifties. The old veins 
are practically exhausted and must apparently Ije abandoned 
soon, but new ones of i)roniise liave been recently 02 )ened. 

The following table shows the production of the five 
largest mines since 1850 : — 


PKODrCTlON OF CALIFORNIA MINES. 
Flvsks (7(>l 


Minj:s 'i850. 1855. 1860 1865. 1870. 1875. 1880. 1885. 1890. 1891. 


New AliiKtdcn . . . ' 

Now Idriu . . . . i 

Rodin^ton . . . . ! 

i 

Suli*hur Bank . . j 

Napa ('onsolldatOil . j 



, IT 'JS,4C. ‘il.lliit l‘J,0n0 K,000 

, -J.ooo-', .\nu(|2 <• , 1,1 14 | OTT ' 7'J2 

! . .‘krar. i i,.Mr» i i 2,i‘r.> i ' 5or) ' 442 
! . ■ j {),.'.TJ ; lO.Tod 1.2lM) j 8.429 

' i ; ; 

1 i . 4 111)' 8.r>iu; j 1,87.“) , 4,4.'>4 


Foreign Mercury Mines. — Tbc imi.st important jUicksilver 
deposit in the woild is in tlie Almadon mine of Spain, which 
lias been worked since preh.istoric times. Strabo speaks of 
it, and Pliny states that 10,000 pounds came from there to 

1 Phillips’ Ore Depoaifs, pp. 08, 7:1, and 5:>0 ; Ui'clar’s :Uono£:raph (referred 
to above), and articles by Le CoiiU^ in the Amen'eini Jnurnal oj f^ncnce as fol- 
lows : Vol. XXIV., 1882, pp. 2.‘L:l;> ^“Tlie Plionoinena of :SIetalliferous Vein 
Fi)rmation now in I’roi^n'ss at Snlpbiir Rank, (’alifornia,’’ Le Conte and Ris- 
ing); Vol. XXV., 188d, pp. *121-128 (“On Mineral Vein Forniatioi now in 
Progress at Steamboat. Springs,” etc.); Vol..;. • VI , ISSo, pp. I-ID (“ Genesis 
of Metalliferous Veins ”). 

3 Estimated. 
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Rome, each year, it^eing worked by condemned criminals, 
who were probably slowly killed by mercurial poisoning, 
from which miners in almost all mercury mines suffer. 
Although worked for such a long period of time, the mine 
is not as deep as the New Almaden, for it has not gone far 
below 1000 feet. In the mine a temperature of 90® 
is encoun^ ^red. The ore is •cmiiabar, with some native 
mercury, occurring in bunches and veins, in a quartz gangue 
containing also iron pyrite and galena. Whether it is a true 
fissure vein or an ore channel is not determined. There are 
three nearly parallel veins, sometimes twenty feet wide, 
separated by thin bands of slate fi*om two to three feet in 
width, and in the lower levels the deposit is woiked as a 
single vein. The country rock is Upper Silurian slates and 
limestones underlain by a mass of dioiite, which is probably 
the cause of the deposit. 

The following table gives the output from this mine since 
1850, the statistics from 1850 to 1870 inclusive being ap- 
proximate estimates : — 

PllODUCTION OF THE ALMADEN MINE. 

Fiasks (76 J Lbs ). 


1850 .... ... 50,000 

1860 24,000 

1870 32,000 

1880 . . . . 41,640 

1890 50,202 

1891 47,993 


The Idria mine, in Austria, is in Jura-Trias conglomerates, 
sandstones, and* slates, which are locally impregnated with 
cinnabar. By far the greater part of the ore comes from 
bituminous slates, where it occurs in irregular pockets be* 
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tween large areas of barren rock. Calcite, quartz, and pyrite 
also occur. The strata are tilted in places to a nearly vertical 
position, though not always at such a steep angle, and they are 
crossed by fissures. Since the mines grow richer as the depth 
increases, it is supposed that the source is from below, per- 
haps from some hidden mass of igneous rock. This mine 
has been steadily increasing its output, from 4100 flasks in 
1850 to 15,000 flasks in 1891. 

Quicksilver comes also from Italy and from Russia. In 
the latter country there is a single mine in the province of 
Ekaterinoslav, which began to produce in 1887 ; but little 
is knovi^n of this mine, excepting that the ore is cinnabar. 
Other iiic*ciiry mines have been worked in Russia in the 
past, and the discovery of new deposits is announced, but our 
information concerning them is very limited. A mercury 
mine is also situated in Servia, and from this source about 
a thousand flasks a year are produced. A cinnabar mine in 
the Palatinate, in Germany, was of importance from the 
fifteenth to the eighteenth century, but no ore is produced 
from there now. It was found impregnating slate strata 
which were crossed by intrusive melapliyrs. 

Outside of Europe and the United States, practically no 
quicksilver is produced, although there can be no doubt that 
veins exist. Some comes from Borneo ; and there is a mer- 
cury mine in Peru, the Huancavelica, which was opened in 
1570. Here the ore occurs in slates and sandstones, and the 
way in which it impregnates the rock suggests that it was 
introduced in the form of a vapour. Ot the Peruvian mines 
Bullman says:^ “Ores of mercury are abundant, but the 
mines have been abandoned, or onl> worked spasmodically, 

^ The Mineral Industt'y, Both well, 1892, p. 663. 
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for a number of years. The most celebrated of tt^e mines is 
that of Huancavelica, which was discovered in 1570, and up 
to 1790 yielded, according to Castelnau, 104,045,200 pounds 
of metal, worth $67,029,380, upon a gross expenditure of 
$10,587,000. The discovery of this great mine was of the 
utmost importance, as it rendered possible the enormous out- 
put of the Cerro de Pasco and Ccrro Potosi silver mines.” 
Quicksilver is used i]i tlic extraction of this silver. In 
Mexico, mercury has been discovered in a number of places, 
but no large amounts have ever been produced. The ore is 
cinnabar, and occurs in limestones and slates, the Guadalcazar 
mines occurring in the former. 

Origin of Mercury. — There is a marked uniformity in the 
ores of mercury, the sulphide being the almost universal ore 
unless it is decomposed to native mercury. A striking asso- 
ciation of quicksilver deposits with slates, sometimes lime- 
stones, is also noticed ; but this seems to be accidental rather 
than a case of cause and effect, for the association is not 
universal, nor is there any apparent reason for the associa- 
tion, unless, possibly, the organic matter in these strata aided 
in the precipitation. There are no reasons for believing that 
the mercury came from these rocks, but some of the sulphur 
may have been furnished by them. In a number of cases, 
the relation between the veins of mercury and neighbouring 
igneous rocks is such that one is forced to conclude that they 
are the cause of the deposits ; and in all cases the position 
of th^ ore is such that, even though no igneous rock appears, 
it is a reasonable inference to draw that such rocks exist at 
no great depths,' having failed to reach the surface, as is very 
commonly the case with these lavas. Mercurial and sul- 
phurous vapours, accompanied, no doubt, by steam, have 
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escaped frojn these igneous rocks by some i)assage-way, usu- 
ally a fissure, and upon becoming cooler these have been de- 
posited in the vein. Substances so easily turned to gas, when 
heat is «applied, as the two elements sulphur and mercury, 
we can readily imagine to be made to adopt this mode of 
accumulation ; and it is interesting to note that the facts in 
the mines support this hypothesis. Becker, Le Conte, and 
others have shown that in the Sulphur Bank and other 
mercury mines, cinnabar is brought up in solution with alka- 
line sulphides and silica, and from tliis source deposited in 
the veins. Nevertheless there is good reason to still hold 
that the water was charged with these substances from gase- 
ous emu^nett^'ps from volcanic I’ock. Of primary importance 
in this connection is the peculiar distribution and the rarity 
of the metal. 

Mercury veins appear, therefore, to be in nearly all, if not 
in all, cases, contact deposits of the sublimation type, or indi- 
rectly deposited from a solution of dissolved mercury of this 
origin. It is conceivable, liowevcr, that, accompanying some 
volcanic eruption, mercurial vapours may become incorpor- 
ated in stratified rocks in a disseminated conditior ind later 
be segregated. 

Their distribution is extremely irregular, and only a few 
localities may be expected to contain tluin; namely, regions 
of recent volcanic activity. The reason why they do not 
occur more commonly in the neighbourhood of older igneous 
rocks is probably that the heat is too great for their formation. 
An igneous mass of granite, for instance, intruded into the 
strata at a depth of several thousand feet, does not become 
cooled for many thousand years. the mean time the sul- 
phurous and^mercurial vapours cannot condense in the neigh- 
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bourhood; but unless they form combinations with other ele- 
ments, there is a tendency for them to migrate from the parent 
mass, and become disseminated instead of accumulated. If a 
fissure ^ is at hand, their escape toward the surface would be 
facilitated, and the conditions for the formation of a vein 
would be present; but if this is not the case, it is probable 
that t’ e substances become disseminated. Still, it is con- 
ceivable that, under some circumstances, such deposits might 
be formed in the neighbourhood of the plutonic rocks ; but 
speaking generally, the regions of recent volcanic action are 
the seats of quicksilver veins. 

ITsea of Mercury. — The most important use of quick- 
silver is in the extraction of gold and silver, by the pro- 
cess of amalgamation, as already described. Its power of 
forming amalgams with other metals makes it of use in the 
arts for the preparation of a substance to be used for sil- 
vering mirrors and for other purposes. The fact that it is 
liquid at ordinary temperatures makes it useful in the manu- 
facture of thermometers ; and this fact, added to its weight, 
renders it of especial value in the construction of mercurial 
barometers. In medicine this metal is used in various forms, 
chiefly as calomel, while cinnabar and other compounds of 
mercury are valuable in the manufacture of pigments. For 
this purpose, it was used by the American Indians and by 
other early races of people. 

The price of mercury, in San Francisco, has varied greatly 
since ^850. In 1850 it averaged $99.45 a flask; in 1855, 
$51.65; in 1874, $105.18; in 1883, $26.83 ; and in 1892, $38.80. 

^ Available fissures are not liable to occur near intruded masses of igneous 
rocks ; for if they do, the lava will seek them and itself eBC||^ as an extru- 
sive rock. 
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Prodnction of Meronry. — The following tables show the 
distribution and variation in supply of mercury. The statis- 
tics for the United States are practically those of California. 
In the table showing the production in the world there are 
no statistics for Borneo, Servia, Russia, Mexico, and Peru ; 
but the total from these places is not great. 


PRODUCTION OF MERCURY IN THE UNITED STATES. 


1850 

1855 

1800 

1806 

1870 

1875 

1877 

1880 

1885 

1890 

1892 


Flasks (70J Liis.). 

23,875 

31,941 

10,000 

53,000 

30,077 

50,250 

79,300 

59,020 

32,073 

22,026 

27,993 


The most productive years in this country were between 
1875 and 1881 inclusive ; but since then there has been 
a rapid decline, although, in 1892, owing to the opening 
of new mines, there was an increase in producti' mq^king 
the output greater than in any year since 1888. 


PRODUCTION OF MERCURY IN THE WORLD. 
Fla«;iv9 (70 J 


Countries. 

1880. 

1882. 

1884. 

1386. 

1888. 

1890. 

1891. 

Spain .... 

45,822 

40,710 

4S,095) 

51,199 

.51,872 

50,202 

47,993 

United State*! . 

59,926 

52,782 

81,918 

29,981 

38,250 

22,926 

22,886 

Austria . . . 

10,510 

11,668 

13,967 

16,6 ■» 

16,6S9 

15,709 

16,586 

Italy .... 

8,410 

4,060 

7,748 

7,27y 

9,s31 

13,021 

9,570 


m 







Total. . . 

119,168 

115,171 

101,721 

104,148 

110,642 

101,858 

96,985 
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The steady decline of the United States, the general 
uniformity of production of Spain, and the gradual in- 
crease of both Austria and Italy are striking. Chiefly as 
the result of the decrcdse in output from the United 
States, the mercury supply of the world has suffered a 
decrease, which the increased production of other districts 
has failed to equalize- Should we need more mercury, 
there is evciy reason to believe that it could be readily 
supplied; but although the gold and silver industries call 
every year for more quicksilver, it must be remembered 
that this demand is not as great as it was fifteen years 
ago, because the reducing works have on hand large sup- 
plies of mercurj’ which have already been used and can 
be used again and again in gold and silver extraction. 

MaiKjancse} 

General Statement. — The oics of this metal, of which 
there are a number, arc practically all oxides, such as 
pyrolusite, psilomelane, biaunite, and ’wad. Other mineral 
combinations occur, and tli(‘sc are sometimes found Avith 
the above ores. As a inebil, and in its mincralogical asso- 
ciations, manganese is veiy similar to iron, and this is true 
also of its geological ocmirrencc and distiibution. Like 
iron, manganese is widely distiibuted; but being a much 
less common metal, it is not as frequently accumulated 
into beds. However, wlien this is done, the ore, in the 
vast majoiity of cases, is bedded with stratified rocks 

1 A very valuaI)lo and romplete account of tliis metal, treated from 
the geological, chemical, and economic staiidpointa, will be found m the 
report on Manganese, by Di. R. A. F. Penrose, Jr., Vol. I., Annual Report 
of the Geological Survey of Arkansas for 1890. 
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and is frequently associated with iron. In occurrence it 
differs from iron in being less frequently formed by 

replacement; but its common position in the earth is the 
same as that of brown hematite and carbonate of iron ; 
namely, either precipitated or concretionary. The marked 
similarity to iron has caused a frequent association of the 
two metals, and a great many of the brown liematites, and 
other ores of iron, are manganiferous. ]\loje or less iron 
is usually associated with the manganese and there is some- 
times enough manganese with iron to make the ore a 
manganiferous i]*on ore. There is every gradation between 
iron oxides and manganese oxides. Manganese-bearing 

zinc n-i*' mange uiferous silver ores are also found. 

Although every state contains them, the actual ores of 
manganese, occurring in economic (piantities in this coun- 
try, are limited. Since this metal is extensively used in 
the manufacture of steel, large supplies are mined with 
the iron and never separated. While tliis applies with 
full force to the ores containiiig small quantities of this 

metal, it is nearly equally applicable to the manganif- 

erous iron ores, which are cx])loiU;d, ostensil ' as iron 
mines, but are in reality chiefly valuable because of the 
contained manganese. Maiiganifeious silver cres at l^ead- 
ville, Colorado, are mined for the silver, and the maii- 
ganese-zinc ores of Franklin Furnace, New Jersey, are 
also worked for the zinc, but lu't for the manganese, al- 
though this is produced as a by-product. Aside from these 
sources, practically all of the home su])ply comes from three 
states, — Georgia, Virginia, and Arkansas. It will be noticed 
that this distribution coincides, in a general way, with the 
iron-smelting region ; and one may confidently believe that 
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if other sources are ever needed, they can easily be found. 
Indeed, even in the Appalachian belt there are manganese 
deposits that can be called upon for a supply at any time ; 
and no doubt the metal exists in parts of the far west. 

Manganese in the United States. — There is a manganese- 
bearing belt extending from Vermont to Alabama, skirting 
the old S' ore line of early Palieozoic times. This metal 
is found at several points in Vermont, chiefly at South 
Wallingford and Brandon. At the former place the ore 
occurs as nodules, in a clay in Cambrian sandstone, wliile 
at Brandon it is found in Tertiary strata, probably derived 
from the disintegration of this same Cambrian stratum. 
The New Jersey manganiferous zinc ores are apparently in 
the same belt; and a deposit of very little value is found, 
in a similar position, in Lehigh Count}’’, Pennsylvania. On 
the western slope of the Blue Bidge, chiefly in Virginia 
and Georgia, the most important manganese deposits of this 
belt occur, although the other states have produced some. 

In Virginia there are a number of districts, but only one 
is of marked importance. This, the Crimora district, in the 
Shenandoah valley near Waynesborough, has produced about 
140,000 tons of ore since it was first exploited in 1867. The 
ore is principally psilomelane and pyrolusite, in the form of 
nodules, of varying size, irregularly distributed throughout 
a bed of clay. Shafts and open-works are both used in the 
extraction of this and the other American manganese ores. 

From here southwards no important deposits are encoun- 
tered until the Carters ville district of Georgia is reached. 
In this region Almost exactly the same mode of occurrence 
is observed. Since 1866 over 60,000 tons have come from 
Georgia, chiefly from this district. 
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Arkansas also has several manganese districts, but only 
one, the Batesvillc, in the northern part o£ the state, 
is important. Practically the same mode of occurrence 
is illustrated here, — a surface clay, the residual prod- 
uct of the disintegration and decay of Silurian limestones, 
through which the manganese was originally scattered in con- 
cretions, pockets, and sheets, in very nuieli the same man- 
ner as the nodules and layers of con crt‘ lion aiy flint and 
ironstone occur in chalk and limestones (Fig. 25). By this 



Fia. 25. — Diagram illustrating tlic oiigiii of the inanganese deposits of Arkan- 
sas. d, iion-iiiangaiiifeioiis linu stoji(‘ , r , maiig.inesc -hc.umg limestone, 
disintegrated limestone, n, residual el.iy with manganese coiieietions con- 
centrated, (Modified Irom Peniose.) 


decay the manganese has been concentrated, and tlie deposit 
is rendered valuable by reason of thirt as well by the 
change in the nature of the enclosing rock fi-om hard 
limestone to soft clay. The ore is irregularly distributed, 
and it is mined by open-works duefly. Since l(SoO, 40,000 
tons of ore have come from this deposit, and nearly all 
of this has been obtained since 1880. 

None of the other states are of marked importance, al- 
though Wisconsin and Michigau contain mines of manga- 
niferous iron carrying from 2 to 11 ])er cent of manganese. 
At Leadvillc, Colorado, mang.iniferous diver and manganese- 
bearing iron occur, but the latter is of value mainly as a flux 
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in silver-smelting and, although some of the manganese is 
saved, most of it is lost. One mine in California has in the 
past twenty-five years produced considerable manganese 
which is chiefly used for local purposes. The ore occurs 
in the metamorphic Cretaceous locks of the Coast Range, 
and, since 1867, about 10,000 tons of ore have been produced. 
Penrose d scribes^ an iiiteicsting manganese deposit, which 
is, however, of no economic importance, occurring at Gol- 
conda, in noithern Nevada. The oic, which is an impuie 
oxide, is in a lenticular bed in a bieccLa cemented by calca- 
reous tufa. Both the tufa and the manganese are evidently 
precipitated from lake waters in a basin from which the 
water has been evaporated. Many springs contain manga- 
nese, and since near this depooit there are hot springs 
charged with oxide of mang«incse, Penrose suggests that 
this may have been tlic soiiice. Manganese spring waters 
entering the lake near this ])oint furnished the water with an 
excess of the oxide of manganese, and this was precipitated 
after the manner of bog iron ore. 

Foreign Manganese Mines. — Canada annually produces a 
small amount of manganese, chiefly fiom New Brunswick 
and Nova Scotia, on the Bay of Fiindy, where it occurs in 
Lower Carbonifeious strata. At first the ore was obtained 
from clays and other products of disintegration of the strata ; 
but, this source being exhausted, the mines are now in the 
rock, where the manganese is distributed very irregularly, 
in bunches and seams parallel in general to the stratification, 
and probably of concretionary origin. In the eastern part 
of Cuba, several mines of manganese occur in clays, the ore 
being very rich pyrolusite find iisilomelane, often containing 
^ Journal of (rudogy^ Vol. I., pp. 275-282. 
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as high as /56 per cent of manganese, and it is claimed that 
large beds of this ore exist in the several mines. The 
present output is shipped to this country. The only other 
manganese-producing country of the American continents is 
Chili, where vast deposits are said to exist ; but, owing to 
the difficulties of transportation, they are not fully developed. 
Moreover, there is no local demand for the ores, and they 
must be shipped abroad. No manganese was produced in 
Chili before 1881, and until 1885 very little was obtained. 
Of the three important districts only one, Carrizal, produces 
manganese at present, and this was not discovered until 1 886. 
No geological description of the region is available, but it is 
knowr* tl the extensive deposits outcrop at the surface 
like beds or dikes. Whether these are true beds or veins 
cannot be stated, but the former seems more probable. Out- 
side of Europe, New Zealand and Australia are the only 
other notable manganese-producers. 

Europe is by far the most import ant continent in the produc- 
tion of manganese, and nearly every country produces some 
of this metal. Russia outranks all other countries in this 
respect, and there the ores are founvl ehiefly in tn Caucasus 
mountains. Little is known of these deposits, bc.t Phillips 
states that the ore is pyrolusite in Miocene scudstone. In 
Great Britain manganese occurs with iron, both browji hema- 
tite and carbonate, and sometimes alone, as in Merionetshire. 
Here the ore is found in a volcanic ash, liaving been derived 
from the feldspar and accumulated in little veins and pockets 
in the mineralogical form of pyrolusite and psilomelane. 
It would be tedious to describe the occurrence in the other 
European countries, since tliere is a nonotonous uniformity. 
France, Sweden, Portugal, Spain, Italy, Turkey, and other 
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countries all produce some. In most cases the ore is bedded 
and concretionary, and sti'ata of all ages from the Cambrian 
to the Tertiary contain it. In the Harz Mountains, in 
Germany, this metal is obtained from small veins in a 
porphyry, in Italy from volcanic tufa, but usually the oc- 
currence is in the sedimentary rocks. 

Orig^’n of Manganese. — The ore deposits of this metal 
may occur in almost any kind of rock, although limestone 
and clay strata are the most common associates. No par- 
ticular geological age can be said to be manganese-bearing, 
but, in this country, tlie most important source is the older 
Palaeozoic strata. Manganese, in one form or another, occurs 
in nearly all rocks, for it holds the fifteenth place in order of 
importance of rock-forming elements, and is one of the com- 
mon metals. It is more abundant in igneous than in other 
rocks, and this is undoubtedly the origidfe source. Many 
minerals contain it in small quantities, and in many others it 
is an important element in the chemical composition. There 
are several score of minerals in which manganese forms an 
essential part, and some of them are quite common. These 
minerals exist in greater or less quantities in the metamor- 
phic and igneous rocks, and by the decay of these tlieir prod- 
ucts find their way into the stratified rocks, either directly 
as sediment, or indirectly from solution in water. The pres- 
ence of manganese is frequently shown by a brown or black 
stain, and the fern-like crystal form of one of its ores, known 
commonly as dendi-ites, is very common. 

Since the metal is very much like iron in chemical be- 
haviour, wd^'find it occurring under the same general con- 
ditions. Water takes it into solution and precipitates it in 
the same manner that bog-iron ore is precipitated. It may 
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be gathered into regular layers, or it may be disseminated 
through the strata. If the latter is the ca>se, it may, under 
favourable conditions, be gathered together at a later period, 
into beds and concretions of manganese in the same way 
that iron ores are gathered together to form ironstone 
concretions. Being less abundant and less valuable than 
iron, this ore cannot ordinarily be mined wlieii found in this 
condition ; and, indeed, tlie same is true of much of the iron 
found ill the same mode of occurrence. For successful min- 
ing, the ordinary manganese must be concentrated still more ; 
and this has been done by nature, in many places, by the 
decay of the enclosing rocks and tlie removal of the soluble 
parts. ]\!.wr.ganesc ores, being less soluble than many of the 
minerals formed by this decay, remain behind with the 
residue in residual soil, and are naturally more concentrated 
by the removal H some of i\m enclosing minerals. Practi- 
cally all of the manganese mined in tnis countiy comes from 
this source, and in other countries considerable supplies are 
found in the same condition. Often, liowever, the final 
stage of concentration has been omitted, and the mines are 
in the rock itself; but this is possill only uhei» the ore is 
very pure, or abundant, or easily and cheaply exp. )ited. 

Thus there are tliree stages in tlie formation of most man- 
ganese deposits, and to these, in mai>y cases, a fourth is 
added. These are : first, derivation from the decay of crys- 
talline rocks (metamorphic and igneous) ; secondly, deposi- 
tion in the stratified rocks ; thirdly, concentration into nod- 
ules or concretions ; fourthly, a still further concentration 
by the decay of -the enclosing rocks and the formation of a 
residual soil. In some cases the oi may be sufficiently con- 
centrated at the time of actual deposition, as in the Gol- 
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conda deposit of Nevada; and in others, as in the Harz 
Mountains, the ore may be derived and directly deposited in 
veins in the igneous rocks which furnish the manganese. 
These, however, may be considered exceptional deposits. 

Uses of Manganese. — Before the beginning of the Chris- 
tian era tlie ores of this metal were used as a colouring for 
glass, .'.nd even at present this is an important use of the 
oxides. Pure pyrolnsite is used to colour glass and also pot- 
tery, producing the various shades of violet, purple, brown, 
and black. An excess of manganese produces the jet-black 
commonly seen in door-knobs, while a slight amount gives 
violet, and intermediate amounts purple and brown. Much 
also depends upon tlie degree of heat used in the process. 
The ores of manganese also act as decolourizers, and their 
introduction into ordinary glass corrects the green colour 
given by iron. Only pure ores are useful Hi’ these purposes, 
and the greater part of «.r supply is too impure to be of use 
in the industry of glass-making. 

Until recently the most important use of the manganese 
ores was in the manufacture of chlorine and bi’omine, the ore 
acting as a carrier of oxygen. For bleaching, in the manu- 
facture of disinfectants, as a drier in varnishes, in the print- 
ing of calico, and for other purposes, manganese is in common 
use ; but at present more than nine-tenths of the ore mined 
is used in the manufacture of iron and in alloys. In steel- 
making two forms of manganese-iron alloy are used, — Sjne- 
geleisen, in which 25 per cent or less is manganese, and 
ferro-n\an^anese, in which the amount exceeds 25 per cent. 
These terms are, however, used variably, and the percentage 
of the metals in the alloy varies greatly. The effects pro- 
duced on the iron are very important, but intricate. It pre- 
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vents the formation of gas cavities during the solidification 
of the steel, restores carbon, cariies off oxygen, and produces 
other valuable effects. 

The price of manganese varies so greatly with its richness 
and purity, and with the purpose for which it is adapted, 
that no figures of value can be given without enteiing into 
details. The value of the ore varies fiom ei^lit to ten dollars 
a ton, being usually between nine and ten dollars. 

Production of Manganese. — The following tables illustrate 
the distribution of the manganese output of the world stated 
in tons of ore : — 


PRODUCTION OF MANGANESE ORE IN THE UNITED STATES 
TiON<, Tons (2240 Un‘* ). 



1880.^ 

Li882 

1884 

1886 

1 

1888 

1890 

1891 

1892 

Arkansas 


1 

175 


3,316 

1 

4 12 

5 3 >9 

1,050 

6 000 

VJi^inia 

3 Cfil 

2,b02 

8,0S0 

20,507 

17 040 

12 609 

10,24s 

5 000 

Georgia 

1,S00 

1,(K)0 


6 041 

i 5(s 

740 

3 57> 

2 000 

Colorado 






6 307 

004 


( alifornla 






ISO 

7l*5 


Vermont 





1 000 

none 

40 

none 

Total 

r>,7rii 

i 

4,5^2 

10 Iso 

0 1 n 

2> ns 

25 (,s4 

2, ,110 

■■ 

17,0(H) 

\ aluo 

♦so 415 

t07,9M) 

1 

1 t;l22 100 It 77 ( 0 

1 1 

♦27 • 71 

1 

t_l 1 0 lO 

♦2 30,120 

♦ 170,000 


Besides the above a few tons come annuall^^ from other 
states, but this does not mateiially affect the total. Tlic 
marked decrease since 1886 in all the districts, excepting 
Arkansas, is a noteworthy feature •'£ this table. The total 
for the United States shows a rapid increase, which in 1887 
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reached the highest point (34,524 tons)^ since which time it 
has strikingly decreased. In thirty years the manganese 
output of the United States has. amounted to 300,000 tons. 
Since the annual consumption is about 50,000 tons, the coun- 
try produces much less than half the amount consumed. 
Cuba, Chili, and Russia are the chief foreign sources of our 
manginese. 

In 1889 Michigan produced 81,341 tons of manganifcrous 
iron, and Colorado 2075 tons, valued at about $3.25 a ton. 
Colorado produced 64,987 tons of manganifcrous silver ores 
valued at $3.50 a ton ; and the New Jersey zinc ores pro- 
duced 43,648 tons of manganese residuum valued at $1.25 a 
ton, from which 14,124 tons of spiegeleisen were produced. 


PRODUCTION OF MANGANESE ORE IN I’HE WORLD. 
Metkic ani> Otiieu Tons. 




Countries. 

1881. 

1883. 

1885. 

1887. 

1889. 

1890. 

1891. 

BuRsia^ 

11,2‘24 

17,029 

C0,45S 

.5s,l3r) 

77,937 

182,340 

190,000* 

CbUl» .* . . 



4,041 

47.521 

2S,08.“i 

47,9 SO 

34,402 

United States 1 

4,‘)74 

0,255 

2:t,637 

35,0S7 

21,592 

20,103 

23,898 

Cuba 





4,000 

21,810 

21,987* 

Great Britain ‘ 

2,931 

1,.30S 

1,710 

14,000 

S,997 

12, WG 

9,032 

Sweden 1 




8,059 

8,()45 

10,698 

9,079 

Turkey 





8,000 



Portugal 

1 




5,000 



Italy ^ 



1,'»02 

4,4.'J4 

2,203 

2,147 

2,429 

Canada ^ 




1,130 

1,320 

1,205 

249 


The above table is approximate only, since accurate statis- 
tics cannofc be obtained. Marked fluctuations in the output 

1 Metric tons (2204 lbs.). ^ Estimated roughly. 

8 Long tons (2240 lbs.). ^ Exported. 
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are noticed, showing that the industry is more or less un- 
stable ; but the most striking feature of the table is the rapid 
increase in production of Russia and Chili. In 1888 the total 
production of the world was about 153,000 tons; in 1889, 
about 160,000 tons ; and in 1891, approximately 300,000 tons, 
this increase being chiefly due to Russia and Chili. 



CHAPTER XII. 


TIN AND ALUIMINUM. 

Tin} 

General Statement. — A single ore, the oxide cassiterite, 
is the source of this metal ; and it, more than any other 
equally common metal, may be said to have a typical mode 
of occurrence. It is found in place, in coarse granite, or in 
rocks immediately associated with such a granite, and excep- 
tions to this are extremely rare. Being heavy and non- 
destructible, tin oxide accumulates in placer deposits, exactly 
as does gold and platinum ; and nearly all of the actual tin 
mines in the world have been discovered by first finding 
stream-tin and then tracing the ore to its source. The 
greater i^art of the tin supply of the world is obtained from 
gravels, but there are also many mines in the rock. 

In distribution, this metal occurs throughout the world, 
usually wherever granite is found ; but paying tin deposits 
exist only where the ore is concentrated in river gravels or, 
under particularly favourable conditions, in the bed rock. 
Therefore tin mines are widely scattered, but comparatively 
rare. There are none in the United States which are at 

1 A very complete description of tin mines and mining is found in Roth- 
well’s Mineral Imlastry for 1892, pp. 439-4G2. A description of the occur- 
rence and methods of obtaining tin in the Straits Settlements is found in the 
volume on Jl^neral Industries, Eleventh Census, pp. 257-264. The Cornwall 
and Devonshire mines are fully described in Phillips’ Ore Deposits, pp. 
110-154. This description of tin is mainly abstracted from these sources. 

974 
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present producing ; but this industry is an exceptional one ; 
for, although none of the metal is produced, many per- 
sons are employed in mining for tin. 

Tin Mines of the United States. — This metal has been 
found in nearly all the states of the Union where granite 
occurs. Thus cassiterite has been found in the New England 
and southern Atlantic coast states and in the Cordilleras, 
but ordinarily in such small quantities that even develop- 
ment is not deemed worth undertaking. Some shafts have 
been constructed, but so far without bringing any returns 
worth considering. Serious developments of tin mines have 
been niade in Virginia, where for a number of 37 'ears stream- 
tin wa.o iv^.iUd sparingly in the gold-bearing gravels. On the 
western slope of the Blue Kidge, in the Shenandoah valley, 
tin was found in place, in 1880 ; and since then much work 
has been done in the development of this property, which 
promises weU. Here the cassiterite is found in small veins 
and in grains, and even nodules a foot or more in diameter, 
occurring in a coarse-grained granite. The ore also occurs 
here in quartz veins, associated with wolframite, beryl, and 
other minerals typical of tin veins. At about tii* same time 
that cassiterite was discovered in the Virginia granite, its 
presence was also noticed in North Carolina, where the ore 
is found in very nearly the same mod{3 of occurrence as in 
the Black Hills. Cassiterite is also found here as stream-tin, 
but neither of these deposits has proved of value as yet. 
Alabama contains tin ore in stream gravels and also in a 
coarse gneiss. 

The most famous tin-bearing region in this country is that 
of the Black Hills, where, in 188?, cassiterite was found in 
place in a coarse-grained granite intruded into slates and 
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schists. Its occurrence was noticed many yeai-s before this 
in the auriferous gravels of that region. Heie the ore occurs 
disseminated in the granite and in veins of pegmatite, which 
are composed*of quartz and mica in coarse crystals. A large 
number of mining claims have been located in this district, 
chiefly in and near Harney’s Peak, and several mines have 
been opened and extensively developed ; but up to the pres- 
ent time they have not sold any tin. Immense sums of 
money have been expended by companies with a laige capi- 
tal, and recently i eduction works have been built. These 
facts indicate confidence, on the part of the managers, that 
the tin deposits will soon begin to bring profitable returns ; 
but, notwithstanding this, it is the opinion of many compe- 
tent American mining engineers that, with the existing con- 
ditions of inaccessibility, high price of materials and labour, 
these tin mines cannot be made to profitably compete with 
the more easily worked dejiosits in other parts of the world. 
If this is really true, and there seems good reason to be- 
lieve that it is, laige sums of money have been extrava- 
gantly and foolishly wasted in development. The next few 
years will witness either a large output from these mines or 
a collapse of the enterprise. 

In California, tin has been known to exist, in some of the 
auriferous gravels, ever since their discovery; and since 1868 
tin mining has been carried on intermittently near Riverside, 
on the San Jacinto land grant, but since September, 1892, 
this mine has been closed. It is practically the only tin 
mine in this country which has so far produced marketable 
tin. Prid^ to 1892, about 120 tons of this metal have been 
produced, and since then, to the time of suspension of opera- 
tions, about 140 tons were obtained. A striking resembljince 
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is noticed between the mode of occurrence of the tin of this 
region and that of Cornwall, England ; for, in both cases, there 
is a granite mass cutting slates, and both of these rocks are 
traversed by quartz-porphyry dikes. All three of the rocks 
contain tin, but the most promising vein is in the granite. 
Associated with the ore are tourmaline, quartz, feldspar, and 
other minerals, and the tin is sometimes in veins, sometimes 
disseminated. Taking cverytliing into consideration, this 
was considered, a few years ago, the most promising tin 
region in the country, but the fact that it has been closed, 
after a careful examination of its possibilities, indicates that 
it is not a profitable deposit. Indeed, it may be said that the 
Unitv^d La des does not at present show any distinct promise 
of producing tin. Lodes which might be worked in other 
countries are not uncommon, but the value of labour is so 
high that they cannot be developed, and so far the country 
has produced no “tin bonanzas.'’ It is true that ])rospectors 
generally do not know tin ore from some of the iron ores, 
and there are, possibly, valuable deposits at present undis- 
covered. 

Foreign Tin Mines. — Cornwall, in England, • the most 
famous tin region of the world, and this metax has been 
produced from there for at least two thousand years. At 
first the cassitcrite came trom stream gravels, but now all 
the tin is obtained from mines. Tlie principal sources are 
granite cutting slates, the slates themselves, and quartz- 
porphyry dikes which have been intruded into both of these. 
Associated with tlie tin are ores of copper, blende, and 
galena, as well as quartz, feldspar, mica, tourmaline, topaz, 
wolframite, etc., and the character, ud even the kind, of ore 
varies from one rock to another. The veins are frequently 
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of the segregation type, crossing all rocks and sending out 
offshoots, often in sucli intricacy that a complete network 
of veins is formed. There is also a great variation in the 
width of these veins, for sometimes they decrease even to 
a mere line and then swell to a width of many feet. A 
peculiar mode of occurrence is noticed at St. Ives and else- 
wher-., where “carboiias” occur, these being large lenticular 
masses of granite impregnated with tin, and sloping away 
from the nearly vertical ‘4)arent vein.” There seems to be 
a considerable variety in the occurrence of the tin ; for at 
times the veins are a[)parcntly fissure veins, again segregation 
and often impregnation deposits. 

Next to Cornwall, Devonshire has been the most impor- 
tant tin-producing region of England, but at })resent this 
source appears to be exhausted. Here the occurrence is 
very similar to that at Cornwall, but no quartz- 2 )orphyry is 
present. In the eleventh and twelfth centuries Devonshire 
produced more tin than Cornwall; but while the former 
has gradually decreased its output, Cornwall has shown a 
steady increase, from an average of about 300 tons a year in 
the thirteenth century, to over 9000 tons in 1891. During 
a period of 690 years, it is estimated that the two dis- 
tricts have together produced 1,128,000 tons of tin ; and 
of this, not much more than 100,000 tons came from 
Devonshire. 

Elsewhere in Europe tin is not abundant, but it is mined 
in a number of countries. In France it is found in Brittany, 
where the geology very closely resembles that of Cornwall. 
The Erzgebirge region in Germany has tin in granites cut- 
ting crystalline schists, and in very nearly the same associa- 
tion as in Cornwall. This same tin-bearing belt extends 
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into Bohemia, in Austria, where, at Schiinfeld, tin was mined 
as long ago as the time when fire setting was used for min- 
ing in place of tools. In 1355 this was an important district. 
Cassiterite is found in granite in Finland ; and in Spain tin 
mines were worked by the Phamicians in quartz lodes in 
slates and schists, but they are not now productive. During 
the reign of Agricola, Portugal pi oduoed stream-tin, and in 
this country tin is also found in the granite. 

By far the most important tin-producing district at the 
present time is that of tlie Straits Settlements. For at least 
four hundred years tliis metal lias been exported from there, 
and it is possible that this was the source of the tin used in the 
maniifa< of the early and prehistoric bronze. In the state 
of Perak, on the Malay Peninsula, tin has been obtained for 
at least a century. Granites, slates, and other rocks consti- 
tute the mountains of the region, and cassiterite is known to 
occur in the gi-anite, although this source is not explored or 
worked. At present the tin produced comes entirely from 
a small area not exceeding twenty square miles, and from 
here two-thirds of the output of the Straits Settlements is 
obtained. Associated with the cas^^iterite in th gravels are 
water-worn fragments of granite and tourmc -ne, which 
show that here also the uniform geological and mineralogical 
association, noted above, is preserved, although it is said 
that tin has also been discovered in place in veins crossing a 
limestone. The methods of mining are extremely crude, the 
work being performed by Chinese and natives, but the Amer- 
ican process of hydraulic washing is about to be introduced. 

On the neighbouring islands of Banca and Billeton the 
occurrence of tin is the same as 'n Perak, since these are 
practically continuations of the same area. Here some 
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mining has been carried on in the bed rock. Tin is also 
found in the gravels of Sumatra and Burmah, and it is prob- 
able that other sources of this metal will be found in the 
gravels of other East India islands. If necessary, the output 
from these several districts could be greatly increased, and 
it is probable that when these superficial deposits are ex- 
hausted, as they must be before a great many yeai-s, a 
more permanent but less profitable supply will be found in 
the neighbouring bed rock. 

Australia is also an important source of this metal, the 
stream-tin having been noticed soon after the discovery of 
gold in botli Victoi'ia and New South Wales. Every coun- 
try of this continent has produced some tin, but the only 
important regions are in New South Wales and Queensland. 
The source of the ore is the Australian Cordilleras, where it 
exists, cliiefly in gi-aiiite, in geological association very simi- 
lar to that of Cornwall. At present, however, these sources 
are barely explored, the greater part of tlie supply being 
obtained from the gravels. The mode of occurrence and 
origin of the stream-tin is the same, in general, as that of 
the gold with which it is associated. Even tlie gravels 
which are buried beneath lava flows are tin-bearing. Vic- 
toria also produces some tin, and in Tasmania a ratlier 
unique occurrence exists, the ore being found there in a 
eurite-porphyry which traverses slates. Vast stores of this 
metal exist in Australia, both in unworked gravels and 
granites, and' this region will undoubtedly long continue an 
important source of tin. 

In Soutii America the only important tin district ^t pres- 
ent exploited is in Bolivia, where it has long been known to 
exist, although hitherto very little has been produced, ex- 
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cepting as a by-product in silver mining in the Potosi dis- 
trict. Recently, by the construction of a railway, the tin of 
tills section has become valuable, and the output will no 
doubt increase. The silver-tiii deposits occur in a porpljyritic 
diorite, intruded into sandstone, and also in a trachyte cut- 
ting slates. Mexico also produces tin, and in the state of 
Durango the cassiterite occurs in veins in porpliyritTc tra- 
chyte. For many years stream-tin has been produced in 
small quantities by natives, but the output is not important. 

Origin of Tin Ore. — The noticeable features concerning 
tin are the marked unifoimity in character of the ore and 
the singularly uniform association with igneous rocks, par- 
ticularly ' ’+11 granite. Other igneous rocks, such as eurite, 
diorite, and trachyte porpliyry, arc stanniferous in some cases, 
but ordinarily the association is with granite. A study of 
the Cornwall mines shows that these deposits are not of con- 
tact origin, nor are they contemporaneous with the intrusion 
of the granite, as one might at first sujqiose, for tliey are 
found also in (juartz porphyries which have been intruded 
into the granite since it solidilied. One is, therefore, driven 
to the conclusion that tliese deposits have lx. derived 
by subsequent concentration, and tlieir ncarl} constant 
association witli granite points to this as the common source. 
In some eases the process c^f concentration is akin to that 
of segregation, but frequently the metal occurs in true veins. 

Notwithstanding these contradictory facts, it seems very 
probable that many of the tin deposits are actually of con- 
temporaneous origin with the granite. The position of the 
tin in the rock, the association witli tourmaline, and other 
facts, point to this conclusion. Ini xl, it is not improbable 
that some of the coarse granitic or pegmatite veins are them- 
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selves actual intrusions and the source of the tin. The 
genesis of the ore has not been determined, in spite of the 
apparent simplicity of occurrence and the great age of the 
mines. Ordinarily the ore is too disseminated for profitable 
mining, and consequently a second stage is generally neces- 
sary; namely, natural concentration in river gravels, which 
are tRe source of by far the greater part of the world’s 
supply of tin. 

Uses of Tin. — The manufacture of bronze and of tin 
plate calls for the greater part of the tin supply, although 
some is used in plumbing and for some minor purposes. 
Bronze has already been described under copper. Britannia 
metal, usually composed of from 82 to 90 parts of tin 
alloyed with antimony and minor quantities of copper and 
sometimes zinc, is used for various purposes in the manu- 
facture of cheap utensils, etc. The manufacture of tin 
plate, which is so useful in tin ware and tin cans, consists 
simply in coating iron with tin to exclude the air and pre- 
vent the iron from rusting. In the United States, and in all 
European countries excepting Great Britain, the tin con- 
sumed is almost entirely imported. This and platinum are 
the onlj’- important metals which we find it necessary to 
import extensively. 

In 1892 tin sold at 20 cents a pound; but since 1885 
the price has fluctuated from 16 1 to 39.95 cents a pound, 
with an .average price of a little over 20 cents. These 
fluctuations are due not to variations in supply, but to 
the operations of the syndicates which control the supply. 
The tin jjmd tin plate imported into this country in 1891 
were valued at 133,991,668, there having been a steady 
increase since 1870, when the imports amounted to only 
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®9, 671, 759. Of the total imports for 1891, $25,900,305 

were tin plate and sheet tin. 

Production of Tin. — The following tabic shows the out- 
put of tin from the leading districts in the world : — 


PRODUCTION OF TIN IN THE WORLD. 
SiioKT Tons (2000 Liis.). 


DlSTKlOTS. 

1880. 

1885. 

1890. 

1891. 

Straits Settlements . . 

20,226 

25,280 

38,019 

42,560 

Great Britain .... 

8,918 

9,331 

9,000 

9,354 

Australia 

9,177 

9,088 

1 6,4ir, 

5,991 

Total 

r.8,:i21 

43,699 

; r.3,434 

57,905 


Besides these regions, in 1891 about 1550 tons of tin were 
produced in Bolivia, not more than 50 tons in Mexico, 
720 tons of ore in Austria, 75 tons of tin ore in Germany, 
and 57 tons in the United States. In 1892 tlie United 
States had an output of 65 tons, valued at $29,827. 

Aluminum.^ 

Occurrence of Aluminum. — No metal has, in the last few 
yearn, attracted more attention tlian aluminum, which has 
had such a remarkable development tliat we are hardly 

1 A good account of aluminum, although at present rather old in some 
respects, owing to the rapid progre.s.s in production of the metal, will he 
found in Alxiininum^ its Properties^ Metalliinjif^ and Allotjs, Richards, 1800. 

Another account is found in the Eleventh Census volume on Viveral 
Industries, pp. 277-284; Mineral Jiesoxirct of the United States, Day 
(U. S. Geol. Survey), 1891, pp. 147-103; and Rothwcll s Mineral Industry, 
etc., 1892, pp. 11-18. 
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able to state its present position or predict its probable 
future. Until a few years ago, it was only a chemical 
curiosity comparable with many of the rare metals; but 
now it is already a common metal, pushing its way into 
the arts in competition with tlie older and well-established 
metals. Before 1827 aluminum was unknown, while, piior 
to '*857, it was a decided cuiiosity, and it remained of no 
practical importance until a few jeais ago, when cheap 
processes for its i eduction were successfully introduced. 
Aluminum is the most abundant metal and the tliiid most 
common element in the eaitli’s crust. Hundreds of min- 
erals, paiticularly the complex silicates of alumina, contain 
this metal in essential combinations, and it is present also, 
in smaller quantities, in other niincials. In oi dinary clay, 
which is h 3 "drou‘< silicate of alumina, there is an inexhausti- 
ble source of this metal; Init the mineialogical association 
is too refractory for piofitable separation with the present 
methods 

The ores which can be made to give up their aluminum 
easily arc very few. Of these, coiumdum the oxide, is 
too valuable for abiasive [Uirposes to be used as a source 
of the metal; diasiiore and gibbsite the hydrous oxides, 
are not found in sufficient abundance; and alumnite the 
sulphate, although found in some places in the west, par- 
ticularly in New Mexico, does not serve as an ore, because of 
the competition of more abundant and available minerals. 
Until recently the chief source of the metal was cryolite, 
the fluoride of sodium and aluminum (Al 2 F(j, ONaF), which 
occurs in’^large quantities in Greenland, from which region it 
has been brought to this country, for a number of years, 
to be used in the extraction of aluminum. Now bauxite 
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(AlgOgHg) is the chief source of this metal, and it is so 
new for this purpose, and has become so important, that 
a detailed description is introduced. 

Bauxite is, in reality, a limonite in which a part of the 
iron has been replaced by aluminum; and the true bauxite 
contains from 50 to 70 per cent of alumina. It was first 
found in the village of Baux in southern France, and was, 
for a time, worked as a source of iron ; but the ore proved 
of little value for this purpose. In mode of occurrence it 
closely resembles limonite, being found both in nodules 
and in an earthy form. The colour of the pure mineral is 
white, however, and the mineral is both soft and granular. 
Bauxite, ru the French locality, occurs in limestone, through 
wliich it is scattered in beds, nodules, and grains, and it is 
believed that it was de[)Osited by pi‘ecipitation in lakes, simi- 
lar to the mode of formation of lacustrine limonite, and 
later concentrated by concretionary action. Other dej)osits in 
France, Italy, Austria, and Ireland confirm this view, but 
in some places, particularly in German}', the mineral is 
evidently derived from the decomposition of bc.salt. These 
facts point to two probable modes of origin h the Euro- 
pean bauxite. 

In America this mineral is found in Alabama, Georgia, 
and Arkansas ; and when explorations have been carried 
into other regions, particularly the volcanic and lacustrine 
regions of the Cordilleras, then* seems to be m reason to 
doubt that extensive deposits will be found. Mining for 
bauxite was begun in Alabama late in 1891, and the first 
shipments were made in 1892. The ore is associat<*d with 
limonites and kaolins, resting on Lower Silurian dolomitic 
limestone of the Knox scries; and in Georgia the occur- 
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rcnce is exactly the same, the ore in both cases being 
scattered through clay and near the manganese deposits. 
This mineral may have been concentrated from the decay 
of the limestone, but Dr. Spencer, the state geologist of 
Georgia, considers it a precii)itated deposit formed in 
lagoons, the mineral having been derived from the solu- 
tion of portions of decomposed crystalline rocks which exist 
about twenty miles east of there. Recently Dr. Brauner, 
state geologist of Arka^nsas, has announced the discovery 
of bauxite in large quantities in the Tertiary of Arkansas, 
where it is found near syenite masses, witli which it seems 
to be associated in point of origin. 

History and Metallurgy of Aluminum. — In 1807 Sir Hum- 
phry Davy first attempted to obtain aluminum from its 
oxide ; but he was not successful. It was not until 1827 
that Wholer was successful in an attempt to separate alumi- 
num by means of potassium, and as a result lie obtained a 
fine gray powder. The same chemist obtained the metal in 
globules in 1845; and in 1854-1855 Deville, a Frenchman, 
improved upon tliis method, and invented a process for the 
extraction of sodium at a greatly reduced price (from 2000 
francs to 10 francs per kilogramme). By substituting this 
metal for potassium, the beginning of the industry of alumi- 
num reduction was made, and for thirty years this Deville 
process was used. Deville also introduced the use of elec- 
tricity in the reduction of this me^al, but the high cost of 
producing this prevented him from anticipating the present 
electrolytic process. Since 1886 many improvements have 
been marfe in the process of aluminum extraction, but none 
have been more important than the introduction of electricity 
and the reduction in the cost of sodium by a new process 
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invented by an American, Castner. A number of patents 
have been issued for electric processes of reduction, and the 
price of the metal has steadily fallen. If this continues, 
aluminum must soon enter the market as a formidal)le 
competitor of some of the common metals. The remark- 
able progress of the industry can be no better shown 
than by the following table, which illustrates the fall in 
price : — 

COST OF ALUMINUM PEU POUND. 


1850, Spring 890.90 

1850, August 27.27 

1880 12.00 

1889 2.00 

I8tll . . . ' 00-.75 

1892 .50 


It is not within tlie scope of this treatise to discuss metal- 
lurgical processes, but it will be of interest to state briefly 
the process by wliich aluininmn is extracted from the oxide 
in the works at Pittsburg, Pennsylvania^ The principle is 
that in the presence of a melted lluoridfs alumina is decom- 
posed by the electric current, and :netallic alo uinum lib- 
erated. The ore is fused in a flux of fluoride ot aluminum 
and sodium, and a powerful electric current is applied, which 
liberates the aluminum, while the oxygen forms carbon 
dioxide with a series of carbon blocks. The fluorides act as 
vehicles for the alumina. From time to time the metal, 
which sinks to the botfhm, is drawn off, and more ore is 
added, so that the process of reduction is [iractically a con- 
tinuous one. 

^ Extracted from a statement in the Mineral Resources of the United 
StateSy Day (U. S. Geol. Survey), 1891, pp. 154, 155. 
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The TTses of Aluminum. — This metal has been heralded as a 
competitor of iron, copper, and nearly all the common metals, 
but it seems highly improbable that it will ever seriously 
compete with most of these. It has properties which 
fit it for especial uses, for which other metals are poorly 
adapted. Aluminum is beautiful white in colour, and is not 
sensibly affected by the atmosphere, which makes it in this 
respect snpciior to silver. In malleability and ductility it 
resembles gold and silver, and can therefore be liammeied 
into sheets and drawn into wire. Without a gieat reduction 
in price, it cannot be made to replace iron and copper wire ; 
and the fact that its power of conducting electricity is less 
than tha!; of copper, makes it probable that it will not replace 
this metal in electricity. It has been stated that aluminum 
will rival steel, but this is unfounded, because its tensile 
strength is only about that of cast iron. Therefore, for pur- 
poses which requiie a high degree of tensile strength, alumi- 
num cannot be used without greatly increasing the bulk ; and, 
since it is unlikely that the piice will decrease below that of 
steel, these uses of this metal will piobably never be made. 
The strongest point in favour of aluminum, aside from its 
freedom from tarnish and its beautiful white colour, is its 
extreme lightness. Those various propeities adapt this metal 
to certain uses, for which it will perhaps replace some of the 
brass, copper, tin, nickel, and the white alloys. Still, the 
position of aluminum must be consideied doubtful, although 
nearly every one admits that it has bright future. 

At present the chief uses of the metal are toys, fancy 
articles, ajud ornamental work in machinery. An almost 
infinite number of such uses are now made of the metal, 
among which may be mentioned canteens, sword scabbards, 
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surveying-instruments, race boats, and other purposes where 
lightness is desired. For plumbing it has not yet come 
into use, because of the difficulty of soldering. Alumi- 
num wire promises to be valuable for some purposes, since 
it can be drawn into fine threads and spun, and does not 
tarnish. 

The alloys of this metal have already assumed importance. 
A small amount added to steel increases its value in several 
respects, but primarily by i)i’eventing air-lioles in the castings. 
There is an increasing demand for aluminum bronze, and for 
different purposes this alloy is made of different proportions 
of the component metals. With 10 per cent of aluminum, 
coppeT* i given remarkable strength, which fits it for pur- 
poses where great tensile strength is required. Copper con- 
taining about 5 per cent of aluminum is capable of being 
worked like steel, and there is reason to believe that tliis 
may become important. Every year scores of i)atents are 
granted for different kinds of aluminum alloys, and already 
there are many hundred such patents. In a very few years 
these will be tested and their relative importance determined. 

Taking everything into consideration, it ma; be safely 
predicted, that, if the price of aluminum can be reduced to 
ten or twenty cents a pound, which in the ligl^t of the past 
history seems not improbable, innumerable uses, probably 
chiefly in the alloys, Avill be found for this metal. It may 
take the place of tin, which the world can well spare, since 
it is liable to become c!xhaustcd in time, and it may even 
interfere with the value of zinc, particularly with the use 
of zinc in the manufacture of brass. Even some of the uses 
of iron and copper may be replaced by this metal, but there 
need be no fear that it will seriously interfere with the 
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demand for the important metals, unless its cheapness 
becomes as maiked as its abundance in the earth. Its very 
cheapness will serve to prevent its extensive use in place of 
silver, and, while it may leplace nickel for purposes of plat- 
ing, this metal is making for itself a demand in other direc- 
tions for which aluiniiium can scarcely be made to serve. 
By the introduction of copper-aluminum alloys, both metals 
will probably have their impoitance increased. This metal 
will undoubtedly assume its pioper position in the next 
twenty-five yeai's ; and, without accepting the rather absurd 
claims made by enthusiasts, it seems certain that this will 
be an iinpoiiant and piominent position among metals. 

Production of Aluminum. — The extremely rapid growth 
of the aluminum industry in this country is shown in the 
following table : — 

PRODUCTION OF ALUMINUM IN TH| UNITED STATES. 


1882 

^1883 

1884 





none 

83 

150 

1885 





283 

1886 




. 

3000 

1887 





18,000 

1888 . 





19,000 

1889 





47,408 

1890 . 





01,281 

1891 





168,076 

1892 . 

. . 



• 

294,313 


The value of the aluminum produced in the United States 
in 1892 was fl91,303. In 1890 the total amount of aluminum 
alloys used in this countiy was 171,759 pounds, Avhile Ger- 
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many, in 1892, used 616,000 pounds of aluminum bronze. 
Switzerland produced, in 1892, 629,420 pounds of aluminum ; 
France, 132,000 pounds; and other European nations were 
also heavy producers ; but, since the industry is so recent. 
Statistics are not very full nor valuable on this subject. 

The ore bauxite, from wliich tliis was ol)tained, came in 
America chiefly from Alabama, whicli, in 1891, produced 
3600 tons, and in 1892, 7200 tons, and from Georgia, which 
produced 3300 tons in 1891. In the latter year we imported 
17,936,504 pounds. Baux, in France, produced 20,000 tons 
of bauxite, in 1888, much of which was exported. There 
are no statistics available for the production of foreign 
bauxite. 



CHAPTER XIII. 


MISCELLANEOUS ORES AND GENERAL REVIEW OF THE 

METALS. 

Nickel and Cohalt, 

Mines in the United States. — These two metals occur 
associated, and much of the cobalt is produced as a by- 
product in the separation of nickel from the ore. The ores 
are niccoliferous pyrrhotite, millerite (the sulphide), nic- 
colite (the arsenide), annabergite (the arseniate), and, in 
New Caledonia and also in other places, gariiierite a hydrous 
silicate of magnesia and nickel, which is a brittle, apple-green 
mineral. In tjiis country nickel has been found in the meta- 
morphic I’ocks of Massachusetts and Connecticut ; but none 
is produced ^from these states at present, and the same is 
true of a deposit of gariiierite wliich occurs in serpentine 
in North Carolina. A small percentage of nickel and cobalt 
is saved as a by-product in the smelting of the lead produced 
at the mine La Motto in Missouri. Colorado has a non- 
productive nickel-cobalt arsenide and suljdiide mine: and, 
in Nevada, the same ores are found at Lovelock’s station, 
where a quartz vein, bearing these metals, occurs in an iron- 
bearing band. Although the mines on this vein have been 
developed, very little ore is produced at present. There are 
mines of ^'pyrrhotite in Oregon, and also of garnierite in ser- 
pentine in the same state. None of these mines are at 
present of importance. 
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Practically all of the nickel and cobalt of the country 
comes from Lancaster Gap in Pennsylvania, which, until 
a few years ago, was one of the most important mines of 
these metals in the world. From early in tlic last century 
until 1852, this mine was exploited for copper, but since then 
its output has been chiefly nickel and cobalt. The ore is 
niccoliferous pyrrhotite and clialcoi)yrite, carrying from one 
to three per cent of nickel and some cobalt. Tlie vein is 
apparently a fissure, or possibly a segregation vein, at the 
contact between mica schist and a wedge or lenticular mass 
of amphibolite. This deposit is fast becoming exhausted, 
and, unless new deposits are discovered, the district will 
soon oecoiae non-productive. 

Foreign Mines. — In Euro])e the most important nickel- 
cobalt-producing countries are Norway jind Sweden, where 
niccoliferous pyrrhotite occurs in several places in the 
metamorphic rocks. Although this region at present ranks 
thij’d in the world, and has been a producer of cobalt and 
nickel for many years, it is still of little importance. Austria- 
Hungary, Prussia, and Great Prittiin all produce small quan- 
tities of these ores, cliicfly as by-prouucts in mil ; of other 
metals, such as those in the Freiberg district, etc. 

The most important mines of nickel and cobalt in the 
world are in New Caledonia, wliere the ores were discovered 
in 1867, although not worked until 1874. In many parts of 
the colony, garnierite occurs in serpentine, filling cavities and 
little veins in a decomposed clay consisting of chrome iron 
and cobalt-manganese iron. This appears to be a product, 
not of metamorphism, but of later accumulation. Next in 
importance to this region is that of Sudbury in Ontario, 
Canada, which has increased its output at a remarkable rate in 
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the past few years. The ore is niccoliferous pyrrhotite and 
chalcopyrite, occurring in lluroiiian gneisses ; and, as in the 
case of the Pennsylvania mine, which it closely resembles, it 
was at first worked for copper. Veiy little cobalt occura here. 
Since all conditions for piofitablc extraction exist in this mine, 
it promises to control the nickel Jsupply of the woild. 

t 'obalt is obtained ehielly as a b} -product in the produc- 
tion of nickel, but in some places cobalt ores occur singly. 
The manganese-cobalt-beaiing clay, associated with the New 
Caledonia nickel, is an instance of this, as is also a cobalt 
glance found in Chili. 

Origin of Nickel and Cobalt. — All of the important depos- 
its of the'se ores occur in mctamorphic rocks, — the sulphides 
and arsenides in gneisses and schists, the magnesian silicate 
garnieritc, in serpentine. This latter association is noticed 
in New Caledonia, North Caiolina, Oicgon, and elsewhere. 
Whether they are a pioduct of inctanioiphism, — that is, 
segregation deposits of metainorijhic oiigin, — or whether 
they have been derived by a subsequent process of concen- 
tration cannot be definitely stated ; but the constant associa- 
tion with metamorphic locks suggests the former as at least 
a general, if not a iinueisal, explanation. 

Uses of Nickel and Cobalt. — Until within a year or two 
nickel was so unimportant that the opening of a large mine 
succeeded in closing the smaller ones ; but from this time on, 
the metal promises to grow in importance. There is a certain 
demand for this metal in the manufacture of cheap jewelry, 
particularly watches, for German silver, for coinage, and for 
purposes^ of plating. The latter use has been steadily in- 
creasing, a^id the rapid introduction of bicycles has been 
largely responsible for this. But recently the invention of 
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nickel-steel alloy has created a new and very important use 
for this metal. An addition of a small percentage (about 
4 per cent) of nickel to steel gives it a greatly increased 
toughness and tensile strength. This steel is now being used 
for armour plates, and will probably be introduced into the 
manufacture of propeller shafts and other parts of machinery 
and engines, as well as for gun and cannon barrels. A 
nickel-copper alloy (20 per cent nickel and 80 per cent 
copper) is being used as a casing for the bullets of the small- 
bore guns in use among the European armies. German 
silver, a general name given to a variety of compounds, is 
an alloy of nickel, copper, and zinc. 

Altogether the future of this metal is very bright, and 
there seems little doubt that some of the smaller and un- 
developed mines of this country will soon begin to produce 
at a profit. During 1892 nickel varied in price from 50 to 
60 cents a pound. 

Cobalt is used, in the form of the oxide, in the manu- 
facture of a pigment, the intense and j)ennanent cobalt blue 
which is used in the manufacture of paints, coloured porcelain, 
etc. There are also some minor uses, chiefly in chemistry. 

Production of Nickel and Cohalt. — The follow og statistics 
illustrate the production and distribution of these metals in 
this country and in the world : — 

PRODUCTION OF NICKEL TN THE UNITED STATES. 

PorNDS. 


1870 201,307 

1880 233,893 

1885 277,001 

1890 200,332 

1891 120,848 

189*), 96,152 
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The falling-ofE in production in the past few years is due 
to the exhaustion of the Lancaster Gjip mine and the compe- 
tition of the Canadiaq§nickel. In 1891 the United States 
imported 345,286 pounds of this metal. The value of the 
output in 1892 was $57,691. 


PRODUCTION OF NICKEL IN THE WORLD. 
Pounds. 


Countries. 

1889. 

1890. 

1891. 

New Caledonia 

3,045,641 

3,500,613 

5,399,800 

Canada 

082,773 

1,435,742 

4,626,627 

Norway and Sweden .... 

240,222 

162,742 

160,000 

United States 

217,033 

200,332 

120,848 


In addition to the above, Germany, Great Britain, Hun- 
gary, and some other nations produced unimportant quan- 
tities. 

PRODUCTION' OF COBALT OXIDE IN THE UNITED STATES. 

Pounds. 

1870 3,854 

1880 7,251 

1801 7,200 

1892 8,000 

At present, about 200 tons of cobalt oxide are consumed in 
the world. In 1888 Chili exported 25 tons of cobalt ores 
(215 tons in 1887), and Prussia produced 33 tons. New 
Caledonia i, and other countries also pi’oduoed cobalt; but 
there are no exact statistics, although New Caledonia ex- 
ports from 2500 to 4000 tons of cobalt ore a year. 
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Antimony. 

This metal occurs in a number Q(|^minerals, but the only 
important source is the sulphide stibnite. The usual mode 
of occurrence is in quartz veins, either of segregation origin 
or true fissure veins, but there seems to be no general asso- 
ciation of country rock, although slates are often the enclos- 
ing strata. In this country antimony has been found in a 
number of states, but only one, Nevada, is an important pro- 
ducer. Arkansas contains stibnite deposits in the south- 
western part of the state, wluu'e it occurs in qiiai tz veins 
parallel to the bedding. In Kei'ii County, California, this 
ore i« ft! ^ouud in cpiartz veins, but none is produced from 
there. Antimony ore exists in Nova Scotia and New Bruns- 
wick, Australia, Borjieo, Japan, wliicdi is the chief source, 
and in nearly all the Euj-o[)ean countries, principally in 
Portugal, Spain, Austria-Hungary, Italy, and France. In 
all of these mines tliere is a marked uniforinit}^ of occurrence, 
altliough in sonic of them other ores of antimony are also 
found; and some, notably tliose of Australia, are auiifcrous. 

Antimony is of chief value for th.e alloys ij ‘o which it 
enters ; for, althougli brittle itself, it imparts a pi ailiar hard- 
ness and toughness to some metals, notably h‘ad. Of tliese 
alloys the most important is type metjil, wliicli is a mixture 
of lead and antimony. Britannia metal, jicwtei', and Babbitt 
metal (copper, tin, and antimony), all contain antimony, and 
the metal also enters into certain clicmical compounds and 
substances used for medicine. It is also used in vulcanizing 
rubber. Although valuable in an alloy of lead, antimony 
makes gold and silver brittle, ami iven as small an amount 
as one-tenth of one per cent injures copper very seriously. 
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The price of antimony varies greatly, since the supplies are 
local and widely distributed. In 1891 the price fell from 19 
to 12 cents a pound oj^account of rumours of an increased 
supply from Japan. Since these rumours were unfounded, 
the price rose to 16.25 cents in December, but it then fell 
and at several times during the year 1892 sold for less than 
12 cents a pound. 

The following statistics are the only ones accessible. We 
have no statistics for the production of antimony from 
Borneo, Portugal, and Fiance. 

PRODUCTION OF AN'ITMONY IN THE UNITED STATES. 

Pounds. 


1880 100,000 

1885 100,000 

1890 257,768 

1891 910,000 

1892 956,000 


The United States in 1891 imported antimony to the 
amount of $<313,909, and the value of the metal produced 
by the country was approximately f 45,000 at San Francisco. 

PRODUCTION OF ANTIMONY ORE IN THE IfOllLD, 1891. 
Metkio Tons (2204 Lus.). 


Jai)an 3200 1 

United States 1000 

Italy 782 

Austria-Hungary 557 

Spain 547 * 


■ Canada in 1886 produced 603 tons; but since 1888 the 
output has rapidly decreased, and in 1891 only 9 tons were 
furnished. Italy in 1885 had an output of 2887 tons. The 


1 Estimated (in 1800, 3173 tons). 


2 Exported. 
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total production of antimony in the world was probably not 
far from 10,000 tons in 1891. 

Chromium. 

Chromium is not used in the metallic state, but is chiefly 
valuable for its chemical compounds, particularly the various 
pigments, — chrome yellow and chrome green, and bichro- 
mate of potash, which is used in calico-printing. A small 
amount of the chromium supply is used in the manufac- 
ture of clirome steel, which is remarkable for its ‘extreme 
hardness, and is used for burglar-proof safes, hard-edged 
tools, etc. 

The mineral is invariably chromite or chrome iron ore, a 
combination of ferric and chromic oxides in varying propor- 
tions, and often containing other substances as impurities. 
This mineral is one of the products of the alteration of min- 
erals and rocks to serpentine, and it occurs uniformly in 
association with serpentine. In America, cliromite has been 
found in varying quantities throughout the belt of metamor- 
phic rocks from Maine southwards, wherever serpentine is 
found. Formerly mines were located in Maryk h and later 
in Pennsylvania, and, as a result of this, Baltimore became 
the centre of the chromium industry in this country, a posi- 
tion which it still holds in spite of the fact that the ores in 
this region are exhausted. At present the only important 
sources of chromite in the UnitvHl States are in California, 
where it occurs in abundance. But, owing to the difficulties 
of transportation and the distance from the market, these 
deposits are exploited in a verv indifferent manner, and 
there is very little profit in the attempt to compete in the 
eastern market with the Asiatic and European chromite. 



300 ECONOMIC GEOLOGY OF THE UNITED STATES. 


In the Urals, chrome iron ore is fbund in a number of 
places, and it is obtained also from Greece and Austria- 
Hungary ; but by far the most important source is in Asia 
Minor, near Brusa, fifty-seven miles east of Constantinople, 
where it occurs in pockets and bunches in serpentine. The 
greater part of our supply of this ore comes from there. 

In i 892 the chrome ore produced in this country amounted 
to about 3000 long tons, valued at $30,000, while the ore 
imported exceeded 5000 long tons, and the imports of chro- 
mate and bichromate of potash amounted to over 1,000,000 
pounds. We have abundant supplies of this ore, if we ever 
need to draw upon them, but the demand is limited and the 
foreign ores are much more favourably situated for exploita- 
tion and transportation. 


Iro7i Pyrite* 

Although an ore, this mineral is used as a source, not 
of the metal, but tlie non-metallic mineralizer, sulphur. 
This ore is sometimes a source of copper and also of gold, 
as has already been stated; but iron pyritc proper is of 
value only for its sulphur, and for this redson it is used 
in the manufacture of sulphuric acid. The marvellous 
increase in the demand for this acid, chiefly for the manu- 
facture of kerosene oil and superphosphates, calls for increas- 
ing supplies of pyrite. In 1870, 70,000 tons of sulphuric 
acid were manufactured in the United States; in 1880, 
285,000 tons; and in 1892, nearly 580,000 tons. At the 
same time the amount of iron pyrite mined has increased 
from 2000^^ long tons in 1880 to 106,250 tons in 1892. 
The imports of pyrite in 1892 amounted to 210,000 long 
tons. 
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The iron pyrite mines of the United States are located 
chiefly in metamorphic rocks, slates and schists princi- 
pally, where the mineral occurs bedded, segregated, and 
in true veins. An extensive py rite-bearing belt extends 
through Maryland, Virginia, and the Carolinas, but at 
present the principal source of the mineral in this belt is 
Virginia. Massachusetts has an output of 40,000 tons a 
year from the Davis mine in Franklin County. In the 
other New England states pyrite is common, but not niueh 
is produced. Indeed, surprisingly little attention has been 
paid in this country to this common but, when properly 
treated, often very valuable ore. Much of our supply of 
pyriou lo foreign, coming chiefly from C-anada, Newfound- 
land, and Spain. The occurrence there is not unlike that 
of the United States, and some of the ores are valuable 
also for their copper contents. The following table shows 
the pyrite production of some of the leading countries of 
the world : — 

PRODUCTION OF PYRITE IN THE WORLD, 1801. 

Metric Toxs (2204 Lbs.). 


Spairi*^' 283, .1^ 

Germany 128,288 

United State.s 1x1,105 

Canada 50,312 

Hungary 50,000 2 

Italy 10,808 

Great Britain 15,7163 


The output of pyrite from the Cnited States in 1892 
(107,985 metric tons) was valued at (1357,000. 

^ Exported. 2 Kstimated. 

3 In 1800 Great Britain produced l.‘’>7,022 tuns. 
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Greneral Review of Metals, 

Reviewing briefly, it mriy be said that silver and silver- 
bearing lead ores are found in a wide variety of associations, 
chiefly, however, in true veins, and in these, associated 
very commonly with other ores such as copper, zinc, tin, and 
gold. The ores of lead are numerous, but this metal is 
found almost invariably as the sulphide, or some mineral 
derived from the alteration of this. Aside from the argen- 
tiferous galena, lead is found abundantly in non-argentif- 
erous galena, in association with zinc blende, or some 
mineral derived fiom the alteration of these; and in such 
association the mode of occurrence is almost uniformly in 
dolomitic limestone. Copper is also found in many diverse 
positions in the earth and in numerous mineralogical asso- 
ciations ; but the two chief sources of the metal are native 
copper in one district and tlie sulphide in many districts. 
The latter ore frequently bears gold and silver, and it is 
not uncommon to find it associated with other ores as, for 
instance, in the famous 'English and German mines. One 
striking feature connected with copper ores is their almost 
universal association with igneous rocks, which appear to be 
their source, sometimes by the formation of contact accumu- 
lations, but more commonly by subsequent aggregation. 

Iron has numerous modes of occurrence, dependent upon 
a variety of circumstances, not the least important of which 
is the character of the ore itself. Brown hematite is typi- 
cally precipitated; red hematite is sometimes altered limo- 
nite, sometimes a replacement deposit. The carbonate is 
prevailingly concretionary in occurrence, and magnetite is 
frequently accumulated by segregation during metamor- 
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phism. Nearly all of these deposits of iron are either 
bedded or have the appearance of being bedded, as the 
result of the peculiarity of their secondary accumulation 
by segregation or replacement. Manganese resembles iron 
in its mode of occurrence, particularly the brown hematite 
and carbonate, and the same is true of the ore of alumi- 
num, bauxite. Nickel and cobalt prevailingly occur in 
metamorphic rocks, chromium typically and almost jini- 
versally occurs in serpentine, and iron pyrite is also found 
in metamorphic rocks, chiefly iroii-bcaiing slates and schists. 

Few metals have more typicail modes of occurrence than 
gold, which occurs in superficial deposits derived from 
the disintegxaliui' of gold-hearing veins, themselves almost 
equally typical in the fact that they are quartz veins, 
bearing iroji P3u-ite, and apparently usually of segregation 
origin. Gold ore is practically all native ; and in this 
there is a close resemblance to ])latinum, as there is also 
in the fact that both occur very commonly in stream 
gravels. This is the universal source of platinum, but this 
metal is also found in serpentine rocks, although since 
little is known concerning the source oi platinum, lis 
cannot be definitely stated to be the typical occurrence 
in the rock. Like gold and platinum, much of the tin 
that is mined comes from stream gravels, where it accu- 
mulates for the same reason that the other t\vo metals 
do; namelj’’, its high specific gravitj^ end practical inde- 
structibility. In the rock, tin is all but universally found 
in or near coarse granites, although some tin deposits 
occur in other igneous rocks. Finally, mercury is nearly 
always associated with igneous rocks of r.cent origin, and 
it is apparently a contact deposit, in part the result of 
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sublimation. Both tin and mercury occur in typical ores, 
the first as an oxide, and the latter as a sulphide, and 
other occurrences may be considered rare. 

These generalizations must not be understood to be of uni- 
form application. There are exceptions to nearly all these 
statements; but they are made as general remarks which 
have an application in the mfijority of cases. The examples 
on the preceding pages illustrate the principles here enun- 
ciated, and a more widespread study of oiu deposits verifies 
them even more strikingly. Under the conditions above 
named, the various ores are usually found ; and consequently 
we may properly conclude that, under similar circumstances, 
other similar mineral deposits will generally be found ; but 
while we may look to these modes of occurrence for the 
major part of our ore deposits, we need not be suiq^iised to 
find wide variations from these types, and the reason for 
this is to be found in the widespread distribution of ore, in 
disseminated form, through the earth’s crust, as well as the 
great variety of changes which the crust has undergone. 

The United States fnay be considered the great metal- 
producing country of the world. In the case of a very few 
metals, principally platinum and tin, we are practically non- 
jproducers, but in the others we hold a high rank. Our 
OTUntry stands first in the production of iron, gold, silver, 
and copper, the four most important metals ; second in the 
production of lead, zinc, and mercury, which are probably 
the next most important ; either third or fourth in the pro- 
duction of manganese and pyrite ; and it holds a minor rank 
in the production of , nickel, cobalt, antimony, and chromium, 
which, are distinctly minor metals. The following table 
shows the value of the ipetalliferous output of the country 
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for 1892. The total metal production of the United States 
for 1892, exclusive of tlie ores mentioned in the table, was 
valued at $318,038,596, while in 1880 the value was only 
$201,283,094. 

PRODUCTION OF METALS AND METAl.LIC ORES IN THE 
UNITED STATES, W)2. 


Pig iron .<i; 130,800,91 5 

Silver 83,009,210 

Copper 37,800,000 

Gold 33,000,000 

Lead 17,917,000 

Zinc 7,703,580 

Mercury 1,119,720 

P^ril 3>57,000 

Manganese ore 170,000 

Nickel 57,091 

Antimony 51,000 

Chrome-iron ore 30,000 

Tin 29,827 

Cobalt oxide 0,450 

Platinum 1,750 


The distribution of these products in country i/ very 
marked. In only three states, Montana, Colorado, and .Cali- 
fornia, are four of these metals found in suflicient abundance 
to give the state a rank among’ the first five ; and if 
chromium be excluded, California must be omitted. Montana 
is the most important state, Colorado second, Michigan third, 
and California fourth. The following table shows the dis- 
tribution of the metals, in the first five important states, 
when there are as many. It will be noticed that but 
eighteen states are included in such a ble ; and if man- 
ganese is not included, the number is reduced to fifteen. If 
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iron, manganese, and nickel are excluded, all of these states, 
with the exception of Michigan, Wisconsin, Missouri, and 
Kansas, are in the Cordilleras; and the last two of these 
states are important only for lead and zinc. Thus the dis- 
tribution of these metals, in abundance, is extremely local. 
While nearly all of the metals are found in the states and 
territories of the far west, iron and manganese occur in 
the east, and ziiic i^riiicipally in the central states. There- 
fore, the fact that the United States is pre-eminently the 
country of metals is due chiefly to the peculiarities of the 
geology in the Cordilleras. 

In the following table the relative rank of the states, in 
the production of a given metal or ore, is indicated by 
numerals above the estimated value of the mineral product. 
For iron the value of the ore at the place of productiour is 
given, instead of the value of the pig-iron production, which 
is much greater and differently distributed, this being not 
necessarily near the mines which produced the ore. The 
value of the iron production gives a different rank to the 
states from that which is given by amount of output, since 
different ores are of different values. This will be seen by 
comparison with the tables in the chapter on iron. The 
actual output of lead, zinc, and some of the minor metals is 
not well shown in the table; but this will suffice to illus- 
trate the general distribution, which is the object sought 
in the preparation of the table. 
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Part III. 


NON-METALLIC MINERAL PRODUCTS 




CHAPTER XIV. 


COAL. 

General Statement. — There is practically every gradation 
from peat to graphite. Many of the brown coals of Texas, 
and other parts of the west, contain woody fibres, only 
slightly altered from their original condition, and very 
closely resembling peat in many characteristics. These 
grade, sometime‘s in the same bed, to bituminous coal, which 
is soft and lustrous; and this in turn may grade into semi- 
bituminous, a much harder, more compact, and imrcr coal. 
In New Mexico, where porjdiyry dikes have crossed a coal 
bed, bituminous coal is altered to anthracite; and in Rhode 
Island, where coal beds have been subjected to marked 
regional metamorphism, graphite and graphitic anthracite 
have been produced. A final stage in the alteration would 
be the formation of a bed of graphite; bnt we knov v T no 
such bed that can be directly traced to this origin, althi igh 
some of the Rliode Island graphitic anthracites very closely 
approach this condition. 

Briefly, therefore, coal may be said to be altered vegetable 
accumulations, the degree of alteration producing different 
grades of coal, even up to anthracite. The alteration indi- 
cated by these changes consists partly in compacting the bed, 
but chiefly in driving off the volatile substances and water and 
concentrating the carbon. By this process the percentage of 
carbon is increased, from as low as 5 per cent to 88 per cent, 
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and even more. The changes which Jesuit during this altera- 
tion are indicated in the following table of analyses : — 


ANALYSES OF PEAT, LIGNTFE, AND COALS. 



PrAT 

• 

LlUMTl* 


BiruMiNOis Coal 

\n1!1UA( JIE 


Dismal 

Swamp 

Ulicns 

Itxas 

Atascosa 
C ount\ , 
lev IS 

T ton 

C onut\ 

1 cxas 

Waldiip, 
It vas 

Penn 
.,1 
\ ania 

Penn 

>anla 

P« iin 

\anin 

Ponn- 

syl 

\aula 

Moisture 

7S S9 

0 10 

13 2Sr} 

14 670 

456 

00 

1 1 

2 74 

2 93 

Volatile matter 

13 *^4 

42 20 

f <) 8G5 

37 320 

30 50 

25 03 

20 87 

4 25 

4 29 

Fixed caibon 

6 40 

7 37 

18 525 

41070 

44 SO 

51 30 

07 20 

bl 51 

SS IS 

Ash 

7S 

41 32 

S 125 

0 090 

12 14 

17 77 

8 80 

10 b7 

4 04 

Sulphur 


0 ()2 

2 360 

0 250 

7 0C 

44 

1 8.1 

0 02 

0 55 


Coal is widely distributed thioughout the world, and even 
in many countries where it is not mined it exists in great 
quantities. Europe and the United States produce practi- 
cally all the coal of the world ; and, in Europe, by far the 
greater pait of the supply is found in Great Biitain, Gei- 
many, France, Austiia-Hungary, and Belgium. Our own 
country has a number of important areas.^ Probably there 
are not far from 300,000 squaie miles of coal-bearing strata 
in this country ; but by no means is this all available coal, 
since over large areas it is either too thin or too impure 
for profitable extraction. The actual codiX-producing area, 
either at present worked or available for the futuie, is not 
over 50,000 square miles, and of this only a small part is 
now being worked. 

1 Detailed descriptions of the coal areas of the United States will be 
found m the Eleventh Celtsus volume on Mineral Industries, pp 34Ii-422, 
and m 'She Mineral liesourccs, Day (U. S. Geol. Survey), particularly the 
volume for 1891, pp. 177-402. 
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In the Eleventh Census report the coal-bearing strata of tlie 
country are divided into seven areas, as follows: (1) the 
New England basin, including a small section in Rhode Island 
and southern Massachusetts, having an area of about 500 
square miles ; (2) the Appalachian district, at pj-esent the 
most important, with an area of G5,000 square miles, and 
extending from Pennsylvania to Alabama ; (^3) tlie Northern 
area, of about 7000 square miles, in Mieliigaii; (4) the Cen- 
tral area, 48,000 square miles in extent, embraced in the 
three states, Illinois, Indiana, and western Kentucky; 
(6) the Western area, a poorly delined region, covering more 
than 98,000 semare miles, and divisible into many minor dis- 
tricts, extendirr more or less brokenly from Iowa to tlie Rio 
Grande; (6) the Rocky Mountain area, of indelhiile extent, 
with scattered basins known to exist in nearly all tlie states 
and territories of the Rocky Mountain belt; and (7) the 
Pacific Coast district, the area of which is al o unknown, but 
in which are included the three states of Washington, Oregon, 
and California. An eighth area might well be added, to 
include tlie Alaskan coal lields, which will soon be developed. 

Coal, unlike the great majority of metallihuous de ])0 is 
an actually bedded stratum, formed, as a part of the sedin. ut- 
ary series, in a manner which is more fully referred to in the 
following pages. Before the de^ elopment of our western 
country, coal, properly speaking, and excluding the lignites, 
was supposed to be the product of a single age, the Car- 
boniferous, and fuels of later origin were believed to be of 
very local nature and ligiutic structure. But the opening of 
the coal mines in the Rocky Mountains has shown the fal- 
lacy of this belief, for here we find bedt* 'f all ages, since 
the Carboniferous, and in all stages of altemtion, even to 
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anthracite. The Cretaceous and Tertiary ages are, in this 
district, the most favoured with coal beds ; but this is "doubt- 
less due, in large measure, to the fact that the rocks of these 
ages are much better developed than any of an age subsequent 
to the Carboniferous. With tlie exception of thin seams in 
the Lower Carboniferous and Devonian strata, there are no 
coal beds in rocks lower than tlie Coal Measures. 

New Englanu Coal Basin. — This region is of interest, 
not for the amount produced, but for the peculiar nature of 
the coal. Although never a heavy producer, this region 
has been worked, more or less continuously, for a long 
period. Unlike the greater part of our coal, the beds of 
this district are highly tilted, and some of the mines have 
extended to a considerable depth. A few thousand tons 
are annually produced, but this burns with such difficulty 
that it is of use only wlier(' there is a sluing draft, as in 
a blast furnace ; but this difficulty is partly compensated 
for by tlie length of time Avhieh it burns and the large 
amount of heat furnislicd. A very peculiar industry for 
a coal region has been 'recently begun upon the basis of 
the graphitic nature of these anthracites. This is the manu- 
facture of pipe-coverings, stove-facings, stove-blacking, and 
paints, which shows the peculiar condition of the coal beds. 

The grajdiitic nature of the anthracite is due to the 
metamorphism of the coal-bearing beds, by mountain-building 
forces, which have, by folding and faulting, resulted in 
altering the nature of the enclosing rocks, in some cases 
to well-defined schists. A considerable thickness resulting 
from folding is noticed in some of the beds of coal, that 
at Portsmouth being from three to ten feet thick ; and it 
is not impossible that, in some of the less metamorphosed 
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parts of this area, valuable coal beds exist beneath the 
drift coating. This area may be considered a pai‘t of the 
coal-bearing series of Nova Scotia, the age being the same, 
and the conditions of formation similar, but the metamor- 
phism being much less in the latter district. 

Appalachian Coal District. — In this area are included 
the coal fields of Pennsylvania, Oliio, Maryland, Vijginia, 
West Virginia, eastern Kentu(*ky, Tennessee, Georgia, and 
Alabama ; and the Coal Measures are practically continuous 
from northern Pennsylvania to western A la) jama. The coal 
beds follow the folds of the Aijpnlachians and extend into 
the level plateau country at the western base of the moun- 
tains. Wliih* coal is confined to a single age, the 

Upper Carboniferous, it is not a continuous layer, but a series 
of lenticular beds at different horizons in the C\>al Meas- 
ures, varying in extent and in thickness, sometimes gradu- 
ally, sometimes abruptly, from a fraction of an inch to 
several feet. A thin seam may thus become thicker, in a 
given direction, and then again lose thickness ; and, in 
the shaft sunk to a coal bed, numerous seams of coal, of 
varying thickness, may be encountered. 

This coal was first discovered in Virginia in 1701, in t'tiio 
in 1755, and in western Penns3lva:iia in 1750. The first coal 
mines regularly opened in the country were near Richmond, 
Virginia, in 1750. There are two kiiids of coal in this district, 
the bituminous (including semi-bituminous) and the anthra- 
cite, both of which occur in the same series of rocks, the 
Coal Measures of the Carboniferous, but in different parts of 
the district. 

The anthracite fields, which produce tactically all ol 
this kind of coal in the country, are confined to the eastern 



316 ECONOMIC GEOLOGY OF THE UNITED STATES. 


part of Pennsylvania, where there are three general regions, 
the Wyoming, Lehigh, and Schuylkill, which are properly 
divisible into five well-defined fields or basins. Coal was 
first discovered here in 1790, and the first shipments were 
made in 1800 ; but not until 1825 was the region made to 
produce extensively, since the difficulty of burning the 
coal prevent edM^onsumcrs from attempting to use it. The 
reason for the occurrence of anthracite in this part of 
Pennsylvania, and its absence elsewhere in the district, 
is that tlie coal basins here have been subjected to a cer- 
tain amount of metainorphisin by the folding which has 
produced tlie Appalachians. This folding is far less than 
that to which the Rhode Island-Massachusetts basin was 
subjected, but was sufficient to drive off much of the water 
and volatile matter and produce anthracite. It is probable 
that considerable quantities of this coal have been removed 
by '-the extensive denudation to which 'the Appalachians 
have been subjected since their formation. 

The following table is of interest, since it shows the 
increase in production of anthracite, in these fields, from 
the very first. Between 1820 and 1891 inclusive, the out- 
put of this region has amounted to 779,639,326 long tons, 
and the Wyoming district is the most important of the three. 

PRODUCTION OF ANTHRACITE IN PENNSYLVANIA. 

Long Tons (2240 Lns.). 


1820 366 

1830 174,734 

1840 804,379 

1850 3,368,889 

186^' 8,51S,123 

1870 16,182,191 

1880. 23,437,242 

1890 30,615,469 

1891 • 40,448,336 
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The bituminous field of the Appalachian area is far more 
important, in point of output, than any of the other regions ; 
and in this Pennsylvania is the greatest producer. This does 
not necessarily mean that there is a greater supply of coal 
here than elsewhere, but that there is a better market and 
consequently a greater development of the possibilities. The 
iron industry is largely responsible for tliis. Where coal is 
not found iron cannot be 2 >i‘ofitably mined, excepting under 
conditions of exce 2 )tional facilities for exploitation and trans- 
portation, which admit of the shipment of Qie ore to smelters 
near the coal suj) 2 )ly. lloth coal and iron ocumr in this belt ; 
and in development the two industries have j^rogressed 
together, so 1^''^+., at j) resent, both iron smelting and coal 
mining are carried on, in this district, on a very extensive 
scale. So fixed is the industry of iron smelting here, that, 
even though the iron sui^^jly may decline, as it has and will 
continue to do, it will 2 >i’obably continue lo increase and be 
fed with iron from outside, wliile the industry of coal mining 
will increase. There are other factors to be considered also, 
chiefly tlie fact that this region was the first to be develojied 
industrially, andtluit it is favoiu*ably situated for traiio- u'ta- 
tion of coal and articles manufactui*cd by the aid of coal 
In no state is the value of ii-on mining to coal production 
better shown than in Alabama, where, in 1870, the output of 
coal was only 13,000 sliort tons; in 1880, 380,000 tons; in 
1887, about 2,000,000 tons; and in 1891, 4,759,781 tons. A 
com 2 )arison with the statistics of iron will show the relation of 
the two 2 )roducts. West Virginia has also hod a remarkable 
increase, from 1,568,000 short tons in 1 880, to 9,220,665 tons 
in 1891. Nearly all of the other states • the Appalachian 
district show a marked increase in coal output, and this 
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is largely attributable to the increase in the output of iron 
manufactures. 

Gentrab Western, and Northern Coal Areas. — There is very 
little to be said about these areas. The Northern basin is of 
very slight importance, and in the past ten years it has 
decreased its output. Of the other two districts, the Central 
has a much larger output, and the states of both districts 
have stcadil} increased tlieir production. The coal beds are 
in practically Iiorizontal strata of tlie Coal Measures, and coal 
mining is, therefore, not usually difficult or expensive. Both 
the age and the conditions of accumulation, and, therefore, 
the modes of occurrence, are the same here as in the Appa- 
lachian district. 

It is doubtful if the division between the Western and 
Central areas is well founded, since tlie dividing line is the 
Mississipjii, and the cause for tlie division is merely that this 
river has removed tlie Coal Measures from its valley. Mis- 
souri and Illinois belong to practically one geological area, 
and the division is highly artificial. It would be much bet- 
ter to have for the fifth division the Texas and other post- 
Carboniferous coals of the trail s-Mississipgi region. 

In the more western parts of the area, and in various por- 
tions of Texas, there are Cretaceous and Tertiary deposits of 
coal and lignite, some of which are mined for local purposes, 
but most of which are at present of no economic value. 
They form a reserve supply which can be drawn upon in 
the future ; and some believe, in the very near future. The 
Texas field illustrates this occurrence, for, aside from a 
rather small and ©ot very important area of true Carbonifer- 
ous "coal, there are extensive deposits of both Cretaceous and 
Tertiary fuel in this state. On the Rio Grande, at several 
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points, both lignite and bituniinons coal, of Cretaceous age, 
occur; and, in easterji Texas, tliere are very tliick beds of 
Tertiary lignite in the coastal deposits. These are easily 
mined, but, on account of their position, their Inipure nature, 
and friable structure, they do not seem to promise to be of 
immediate importance.^ 

Bocky Mountain, Pacific Coast, and Alaskan Coal Areas. — 

In tliese districts, coal, in the form of lignite, bituminous 
coal, and even anthracite, is found in several areas, and in 
strata of several geological ages, chiefly Tertiary and Creta- 
ceous, and more rarely Clirboniferous. Some of these states 
have increased their output in the last decade at a remarka- 
ble rate, and th! .icrlion moy be considered the (joal reserve of 
the country, for even the larger producers have by no means 
developed their coal fields to even one-lailf their capacity. 
The area and extent of these coal fields cannot be stated, 
but we know that there are immense supplies. Very little 
anthracite is found, and this is surprising when the changes 
through which these ro(*,ks have passed are considered. A 
bed of anthracite, about six feet tiiick, is found in Colorado, 
and a.nother exist! in New Mexii'o; in both places the / eta- 
inorphism being that of contact witli intrusive igneous i\ cks. 
This coal ajipears to be of as good (jnality as that of Pennsyl- 
vania. The bituminous coal of Colorado, hi though of Creta- 
ceous age, is also of excellent (piality, and it occurs in thick 
and extensive beds. There is (ixcelhmt jirospect for the 
future of this state as a coal-producer, and the same is true 
of other states in this belt; but the lack of market, and the 

^ These coals and the methods hy which tlicy in.iy utilized are descrih a 
by E. T. Dumble in a "Report on the Brown Coal aniv Lujnita of 2\xaSy pub- 
lished by the Texas (ieological Survey. 
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difficulty of convincing eastern people that this fuel is better 
than lignite, liave interfered with the more^rapid develop- 
ment of the fields. 

On the Pacific Coast the most important state as a coal- 
producer is Wasliington, where lignites, bituminous and 
anthracite coals are found, tlic different kinds being the 
result of difTerent degrees of inetamorphism caused locally by 
the intrusion of igneous rocks. With the development of the 
west these Cretaceous coals will be more and more valuable, 
and already the output has become ii]|f)ortant, having in- 
creased, since 1885, from 380,250 to 1,056,249 short tons. 

In Alaska, coal has long been known to exist, and there is 
promise of immediate development. Tlic Russians knew of 
the existence of coal before they sold the territory to the 
United States, but the indnstiial and climatic conditions 
have interfered with its developnient. There arc extensive 
and thick seams which can be easily worked. 

Of foi’eign dei)Osits, iiotliing need be said, since no new fea- 
tures are illustrated. Coal is extremely widespioad and abun- 
dant ill all explored continents ; and, even with the present 
rapid production, there need be no fear of an exhaustion of the 
supply for many centuries to come. Not only are there great 
reserves in our western territory, but in the continents otlier 
than this and Europe, coal, though not produced in great 
quantities, is by no means scarce. It has been formed ever 
since the Carboniferous, wdienever the conditions were favour- 
able, and this has been by no means an uncommon geologi- 
cal condition. There is good reason to believe that the 
demand will cefcse before the supply is exhausted. 

The following table shows the distribution of coal in the 
several areas of the country : — 
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PRODUCTION OF THE COAL AREAS OF THE UNITED STATES. 
Short Tons (2000 Lrs.). 







Total 

Areab. 

1880. 

1887. 

1890. 

1891. 

1870-1892 






includvo. 

f liituiiilnoiiH 
Apnalacbinn < 

1 Aiithradte, 

2i),834,r.‘22 

2 S,<U 0 ,slD 

55,iy;5,08t 

39,506,255 

73,008,102 

46,468,641 

77,98-1,563 

50,66.5,131 

933,909,305 

561,627,269 » 

Central 

s,ir)0,i9r> 

14,478, SS3 

20,093,5:13 

20,327,323 

254,1-21,177 

AVcsteni 

S,2 12,787 

10,193,031 

10,470,439 

11,023,817 

138,470,000 

Kocky j niliiiiiinouB . 

1 i,o<>7,ai 1 

3,646,280 

6,150,7^2 

7, 185,7o7 

53,848,504 

Mountain 1 Anthracite . 


3»),0(»0 

55,0002 

60,000 2 


Pacilic ('oast . . 

425,170 

851,308 

1,135,91.1 

1,201,376 

12,318,040 

Northern ... 

100,H(M1 

71,461 

71,977 

80,073 

1,11)5,289 

New England A nthiarito, 

C,l7fi 

6,000 


500 


Total 

1 i,lJi7,Sh3 

124,015,255 

157,788,6»5t) 

1 6.8,566,66)9 

1,956,444,584 


The total value of coal produced by the United States 
betAveen 1870 and 1892 inclusive v as f2,23'^,258,218. 

Origin of Coal. — That coal is derived from vegetation is 
proved by a number of indisputable facts. In the first ^jlace, 
its carbonaceous nature is strongly suggestive of this origin, 
and, in the less altered coals, the vegetabhi origin is pi ^ved 
by the actual presence of plant fibres, seeds, etc. ven 
where, with the naked eye, stems of plants and impressions 
of ferns cannot be seen, unless the coal is too greatly meta- 
morphosed a microscopic study shows the presence of Avoody 
fibre and plant remains of one kind and another. Indeed, 
actual tree trunks are quite perfectly preserved, and, in 
some cases, although the strata have been tilted and dis- 
turbed, these trees rise through the coal beds, at right angles 
to the stratification, Avitli their roots exlc’ bug into the claj 

^ Includes Rocky Mountain anthracite. Estimated. 
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beneath the coal. Such a condition has been observed in 
the Nova Scotia coal fields and elsewhere. The tree trunks 
stand where they grew, just as some trunks of trees stand 
at present in bogs, either partly or completely buried. 

These facts prove the point that vegetation is the origin 
of coal, but in just what manner these accumulations were 
made is not ^uite so clear. The accumulation of peat bogs is 
familiar to all who have dwelt in northern lands. A pond is 
partly filled with sediment, it then becomes ti*ansforined to a 
morass, and eventually to a swamp, by th? growth and decay 
of vegetation, first reeds, then moss, and finally bushes and 
trees. Year after year additions are made to the vegetable 
accumulations, until, finally, a bed of peat is formed ; and in 
the typical peat bed, one of the most important of the bog- 
forming plants is a moss belonging to the genus Sphagnum. 
This vegetation, dying upon the surface, would not accumu- 
late, for, as is well known, organic remains quickly decay in 
the air ; but beneath water this destruction is arrested and the 
vegetation even preserved l)y the vaiious organic acids pro- 
duced by a partial decay. Thus, it is not uncommon to find 
tree tiunks in swamps, at a depth of several feet beneath the 
surfaee, so perfectly pieserved that the marks of beaver teeth 
can be seen, although these were made perhaps several cen- 
turies or even a thousand years ago, when the swamp was 
inhabited by beaver. 

One might at first assume that, since there is every grada- 
tion between peat and coal, the original condition of coal was 
actually peat, and this has given rise to the Peat Bofj Theory^ 
for the origin of coal. This may have been the origin of 

1 On the Vegetable Origin of Coal, Lesquereux, Annual Report, Pennsyl- 
vania Geological Survey, 1885, pp. 96-124. 
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some coal beds, particularly those of the western Tertiary 
strata, which were deposited in inland seas and lakes. With 
many of the Carboniferous coal beds, and also some of those 
more recently formed, another mode of ojigin must be 
sought. By a study of the coal beds it is found, that, both 
beneath and above, there are clays, limestones, and sandstones 
of marine origin and containing marine fossils. TJie coal is 
therefore directly associated, in point of origin, with the sea. 
Indeed, there are rapid and striking alternations from coal 
to sedimentary beds, then to coal, and so on, often for scores 
of feet vertically. Sometimes the coal beds are thin seams, 
mere films of carbonaceous matter, but at other times they 
assume a th’ck..:::5’> of a number of feet. Although both 
overlain and underlain by marine sediments, the coal plants 
themselves are not marine, but of types whi(h, so far as 
we know, are at present exclusively dAv^ellei’s on the land. 
Therefore we must find an explanation which will account 
for the accumulation of land plants either in or very close to 
the sea. Moreover, conditions for the pi-eservation of the 
plant tissue must be present, and these conditions are evi- 
dently the presence of bodies of water, cith? salt or fu*.-' 
Two possible explanations suggest themselves : one, ; lat 
the coal plants have been washed into the sea ; the other, that 
they grew on or near the shore hue and fell into shallow 
bodies of water. The first of these, which may be called the 
Estuary Theory^ is that rivers carried vegetation down with 
them, and caused it to accumulate in estuaries and bays at 
the mouths of the rivers. There seems to l^e very little 
reason to doubt that this, like the peat bog theory just de- 
scribed, is an actual cause for some such leposits. In the 
delta of the Mississippi, vegetable accumulations are en- 
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countered in borings, and these are the result of the strand- 
ing and accumulation of rafts of timber which have been 
floating down the river for centuries. Even at present, al- 
though much of the forest of the valley has been removed, 
portions of the bank are undermined during the floods of the 
river, and the trees and bushes which grew upon them are 
floated off toward the sea. But, while this may be admitted 
as a possible, indeed as an actual cause, it cannot be extended 
to include all or even a large number of the coal beds. 
There are numerous fatal objections to the universal appli- 
cation of this theory. In the first place, a river transport- 
ing logs carries sediment al^o, and beds so formed will be 
much more impure than coal beds usually are ; secondly, 
such deposits must be local and of a more limited area than 
many of our coal basins; thirdly, under such conditions the 
plant fragments must be water-worn and broken, and we 
could hardly expect to have preserved in abundance, as we 
really do, even the most delicate parts of very fragile ferns ; 
and, finally, it is not probable that in such deposits tree 
trunks would grow and be jireserved in place as they are in 
some coal strata. 

In support of this theory it may be urged that the coal 
occurs in basins, or linear areas, whicli miglit well be estu- 
aries ; but this is also exactly what is demanded by the third 
theory, which may be called the Seacoast Swamp Theory. 
Aside from the objections urged above, against the estuary 
theory, none of which apply to this one, it is a notable fact 
that beneath coal beds there is commonly a clay stratum, 
called fire clay,^'‘which owes its peculiar properties to the 
abs'ence of certain soluble salts needed by vegetation ; and 
this suggests strongly that the soils have been robbed of 
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these elements by plants, and most probably by the plants 
that have been accumulated in the overlying coal beds. If 
we assume the existence, during the coal period, of coastal 
swamps and lagoons, such as exist at present on many coasts, 
and are well illustrated by the marshes about Newark and Jer- 
sey City in New Jersey, all of the facts connected with most 
coal beds are easily exjJained. There are in the coal basins 
even channels similar to salt marsh channels or coastal rivers. 

It is also a fair assumption to make, that much of the coal- 
forming vegetation could glow in sucli places. At present, 
only a very few plants can live in salt water, or in places 
invaded by salt water; but, if one thing has been more 
plainly taugi’l ’ y geology than any other, it is that animals 
and plants have changed, not only in form and development, 
but in habits ; and, since it is not improbable that land vege- 
tation came originally from oceanic types, the change in habit 
here suggested is certainly possible, and we may even say, 
probable. On the eastern coast of the United States there 
are a number of pheiuvrogams living, not only on salt 
marshes, but one, the eel grass, growing and flowering en- 
tirely submerged in salt water; and, on ihj Florida ^ • ist, 
the mangrove tree grows with its roots in salt water. No 
especial incredulity need, therefore, be felt in consider ng the 
possibility of a more widespread adoption of this habit by 
the Carboniferous vegetation, which differed so markedly 
from the jnesent types of plant life. It is not, however, abso- 
lutely necessary to assume tliis condition, for it is possible 
that there existed along the shore line extensive swamps 
which were either fresh or only slightly saline. 

A study of coal deposits indicates not a ngle, but several 
explanations for their origin. Some were formed as peat 
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bogs ; some, particularly those of the western Tertiary and 
Cretaceous areas, were formed upon the margins of lakes and 
inland seas ; not a few were, no doubt, accmmulatcd in sea- 
shore estuaries ; and probably most of the Carboniferous coal 
beds were formed along coast lines in shallow lagoons, or 
seacoast swamps, either fresh or saline, and probably both. 
Attention nay be called, in this connection, to the fact that 
the geological conditions in this country favoured the latter 
mode of accumulation in the throe important coal-bearing 
ages. During the close of the Carboniferous period a great 
sea was beginning to be transformed to land, as the fore- 
shadowing of the developmei 0 of the A})palachian Mountains 
and the central plateau. Skirting the old, pre-Pala 30 zoic 
mountain area of the seacoast states, tliore stretched west- 
ward a region of shallow water and low, swampy land, upon 
which the coal vegetation grew. In the Central area, and 
in parts of the Cordilleras, the same conditions prevailed: 
but, in the latter region, these ucre better developed in 
Cretaceous and Tertiary times : and here, by the mountain 
growth, large inland seas and lakes Avere produced, in which 
coal beds were accumulated. 

Conditions existing in Carboniferous Times. — A number of 
interesting questions arise concerning the conditions exist- 
ing in the Carboniferous [)eriod. Why do we find such rapid 
alternations of coal beds with marine sediments? It has 
been held that this is due to rapid alternations in sea-level, 
or, rather, land position ; that the land rose and fell, now 
being occupied by swamp plants, again submerged by the 
ocean, and this f^lowed by other similar alternations of level 
and condition. This may be true; but so many alternations 
are called for, none of them producing high land, that some 
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simpler explanation may be sought. These phenomena may 
be accounted for by assuming a swampy land area, not un- 
like the coastal plains of Texas, gradually sinking, but with 
occasional halts, or periods of less rapid sinking. When 
land existed, plants grew ; but, if the submergence were more 
rapid than the building up, water ])revailed until the 
rate of sinking was less rapid tlian the rate of filling. 
When such a period of slow submergence, or perhaps 
even absence of submergence, prevailed, sediment filled 
the bays, vegetation grew upon their margins, lagoons were 
built behind bars, and salt marshes were formed, just as 
they are at |)rcsent, under tfte same conditions. In this 
manner the elevations may have resulted from fill- 

ing rather than actual rising of the land. So, by a gradual 
submergence, a mere variation in rale will bring about all 
the conditions of alternation ordinarily noticed in coal 
beds. This does not deny the possibility of elevations also, 
for these would cause the alternations even more rapidly; 
but it does call in question the necessity of a theoiy which 
requires a large number and great variety of elevations and 
submergences, since this necessitates an insicioility of the • nd 
rarely witnessed anywhere outside of local volcanic areas, 
and our immense coal fields were nv»t forni«‘d in such peaces. 

Another question that may be asked is, ^\hat were the 
climatic conditions in the Carboniferous period? It has 
been very commonly assumed that the climate was moist, 
tropical in heat, and the atmosphere laden with carbonic 
acid gas for plant food. The large size, and apparent lux- 
■ uriance of the vegetation, resembling our present tropical 
flora, have been appealed to in support o this. That the 
climatic conditions were different from the present, even as 
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late as the Tertiary period, is proved by a study of the 
Arctic regions, where not only animal and plant fossils, 
but even coal beds, are found in the rocks now situated 
in a region of perpetual snow. The value of the evidence 
in favour of these, from our present standpoint, abnormal 
conditions, has, it seems to the author, been unduly mag- 
nified. T1 ' evidence of luxuriant Carboniferous vegetation 
does not appear of so much importance when one has seen 
the giant trees of California and the primteval forests of 
Canada. A good soil and a moist, and not too cold climate, 
will produce stiiking results in vegetation. It is doubtful 
if any trees in the Carboniferous peiiod exceeded in si/e 
the giant Sequoia of California. Moreover, fossils of animals 
show us plainly enough that types which are now small 
throughout the world were once gigantic in size ; and the 
same may be equally tiue of plants. A new field and a 
newly acquired habit give to both animals and plants gieat 
powers of remark, ible development. Before the C.iibonif- 
erous period practically no land plants existed, and the soil 
was not, therefore, robbed of its plant food. Moi cover, the 
Carboniferous land was made of a virgin soil just elevated 
above sea-level. Under such conditions, \vith a temperate 
climate, a luxuriant vegetation might easily be developed. 

It seems that we must grant moistness to the atmosphere, 
and the presence of oceans, where now is land, transforming 
the old mountain areas of the east into islands, makes such 
an assumption entirely within reason. When one reads the 
accounts of RusselU describing the luxuriant, almost trop- 
ic An expedition to Mount St. Elias, Alaska, National Geographic Maga- 
zine^ III, 1891, pp. 53-204 ; American Journal of Science^ XLllI, 1892, 
p. 178 ; Journal of Geology, I, 1893, p. 233. 
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ically luxuriant, forest at present actually growing on a 
moraine which rests 07i a living body of ice, near the 
terminus of the great Malaspina glacier of Alaska, lie is 
ready to believe that no great revolution of climate is 
necessary to carry the vegetation of the (Carboniferous 
period as far within *the Arctic circle as man himself has 
penetrated. Transform the highlands of the Arctic to low- 
lands, and much of the ice will disappear; then add to this 
a slight increase in the mean annual temjieratnre, and vege- 
tation would find a home there, l^eaiy, J^ockwood, and 
others, state that the land l^dng north of Oreenland is free 
from snow in summer, notwitSfetanding the juesence of the 
great (rreeidainl ^,^]:u*ier to the south and of a frozen ocean 
all about. This is due in large measure to the fact that the 
land is low ; and if the mountains and highlands of Green- 
land were lowered to near sea-levcd, the climatic (‘onditions of 
the Arctic would be greatly changed. Climate is strikingly 
dependent upon geography. 

The object in presenting these considerations is not to 
deny the possibility, nor even to question the ]>robability, 
of a marked change in climatic conditions in the nor' :irii 
hemisphere during Carboniferous times, but to point out 
the fallacy of the statement so frequcnlly made, that trop- 
ical conditions extended to the poles. Possibly this was the 
case, but probably it was not, and, in any event, the argu- 
ment upon which these statements are chiefly based, the 
resemblance of the coal flora to our present tropical flora, 
is not of much value after the lapse of time and the striking 
changes which have taken place in form and habit of fauna 
and flora since the Carboniferous period. 

The question is sometimes asked, why are coal beds not 
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present in periods earlier than the Carboniferous? and the 
answer is, simply, that land vegetation had not been evolved 
in great luxuriance in earlier periods. A current statement, 
frequently found in text-books, is, that the reason for this 
was the too great abundance of carbonic acid gas in the 
atmosphere. According to this assumption, the early land 
vegetation laboiiously extracted this carbonic dioxide, until 
just the proper percentage remained for the luxuriant Car- 
boniferous vegetation, but too much foi* air-breathing ani- 
mals, which came after the atmospliere had been cleared 
of the deleterious gas by the Caiboniierous plants, — having 
the way prepared for them, as it were. Aside from the 
logic of animal and plant succession, which is as above 
stated, and which is readily explained in another way, — 
namely, normal evolution, — it is diiFjcult to see upon what 
basis this assumption of an excess of carbonic acid gas in 
the atmosphere is based. To be sure, carbon taken from 
tlie air is sealed in the rocks in the form of both animal 
and plant lemains; but, on tlie other hand, it is being 
liberated by the decay of rocks; and it is very doubtful 
if the supply of this gas in the atmosphere is sensibly 
different to-day from what it was in the beginning of the 
Carboniferous. 

If we should grant the assumption, for the sake of argu- 
ment, it would seem that a gradual* decrease in amount 
and luxuriance of vegetation would necessarily follow upon 
the exhaustion of the carbonic dioxide ; but, on the con- 
trary, vegetation has increased in height of development 
and has certainly not lost in luxuriance. Ever since the 
Carboniferous the land areas of all the world have been 
clothed with vegetation, and so tliey are to-day. Moreover, 
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if geological interpretations have been correctly made, there 
is more land at present than ever before, and this land 
has been continuously increasing in amount since tlie Car- 
boniferous. The simple fact is, that the greater part of the 
carbon taken from the air is given back again when the plant 
or animal dies, and the place of that stored ^away in the 
rocks is fully Idled by supjdies furnished by rock decay. 

TTses of Coal. — It would be difficult to make a compari- 
son between the value of coal and iron, since both are so 
important and intimately related. Probably, however, 
iron must be considered of more value, since there are 
so many possible uses for it, and no available substitute, 
whereas coal i: not an a(‘tual necessity, although in the 
present state of industry it seems to be. The importance 
of the coal industry is shown by the fact that in 1892 
coal valued at not far from >i<200,000,000 at the mines was 
produced in this country, and in 1891, 205,000 persons were 
employed, directly or indirectly, in the production of coal. 
Of bituminous and anthracite coal, the country produced 
171,769,355 short tons in 1892, 49,785 J44 tons of this 
being anthracite, and the balance bitumhious (inclii ‘ ng 
all varieties of coal excepting ajithracite). Our experts 
in 1892 amounted to nearly 2,500,000 tons, an^ our 
imports to a little over 1,000,000 tons. The consumption 
of coal in the countiy per capita amounted to 5234 
pounds. 

Undoubtedly the most important single use of eoal is 
as fuel for heating and cooking purposes; but as fuel in 
. the manufacture of materials requiring heat, immense quan- 
tities are called for as well as in the prOL. ction of energy 
in the form of steam. Our locomotives and engines for 



332 ECONOMIC GEOLOGY OE THE UNITED STATES. 


manufactories and for steamships are consuming coal at 
a remarkable rate whicli is every day increasing; and the 
rapid expansion of electric transportation in small towns 
and suburl)aii districts is also increasing the demand for this 
fuel. One of the most remarkable advances in the use of 
coal is that made in the manufacture of pig iron and steel. 
Bituminous coal, transformed to coke by driving off the 
volatile substances in ovens, is rapidly supplanting anthra- 
cite and charcoal. Wlicreas in 1880 only 5,237,741 short 
tons of coal were used for this purpose, in 1891, If), 344, 540 
tons were consumed, producing 10,352,088 tons of coke 
valued at J^^20,393,210. A relative deciease must have been 
caused in the consumption of coal for coal gas by the 
introduction of electric lights; but the falling off in this 
respect is more than comj)ensated for by the increased 
demand for coal in the pioduction of electiicity. 

It is an interesting (luestion what the future of coal will 
be. Some predict that the supi)ly will fail us, and these 
favour more economical methods of production and use ; 
but, while this may be true of localities, and even of some 
countries, there seems to be no need to fear it in this 
country, nor in the world, for such a length of time that 
we need hardly trouble ourselves with the question. The 
tendency of the present seems to be rather toward a decrease 
in demand than a decrease in supply. This has not as yet 
made itself distinctly apparent, nor is it an absolute cer- 
tainty; but wlien we learn to economically win our elec- 
tricity from the wasted forces of nature, the waterfalls, or, 
as some predici^ fioin heat direct, and then learn to store 
it 'for transportation, and to convert it from electrical 
energy to heat energy, there will come a time when coal 
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will be found of much less value than at present. This 
is now little more than a dream, but wonderful things 
are being done with electricity, and electricians assure us 
that we have hardly begun. 

Production of Coal. — In the production of the metallic 
minerals the far west was found to be of prime importance, 
but in the non-metallie products of the earth that section 
of the country assumes a much lower rank. The reason 
for this is that ali-ead}" given for the absence of an impor- 
tant iron output in the west, — less a lack of supply than 
an absence of market, or, in other words, a smaller degree 
of industrial progress. The following tables of coal output 
illustrate this ’’ivtribution and other features connected 
with the production of coal at home and abroad : — 

PRODUCTION OF COAL IN THE UNITED STATES. 

Shout Tons 02000 Lu^.)* 


Statkr. 

1870 

1875. 

1880. 

1885. 

1890. 

1892. 

PennHylvfiniji t 
(Anthracite) ' 

ir.,r.r»o,27:) 

2:1,1 •2(*,78U 

2(1,219,711 


l(},4Gs,()40 

49,... 44 

Pennsylvania ) 
(Bituminous) ' 

7,7ys,r)i7 

ll,7(;h,UO0 

2I,2S0,000 

2(1,000,000 

42,:)02,17:5 

41,424,'fs4 

Illinois . . . 


:i,92(i,()(M) 

4 ,^ so , 000 

ll,fi34,l.V) 

ir).274,727 

r 949,989 

Ohio .... 

‘2,r)‘i7.‘Jsi 

r),447,y7() 

7,S40,(iU0 

s, 7:4, 120 

1:1,20:1,522 

1 1,500,000 

West Vli-fiinia 

(>1 ‘'.'s7si 

1,1 20, 000 

1,104,00s 

109, 0(11 

0,« )2,M»0 

8,710,878 

Alabama 

ih.yyy 

(17, ‘200 

;is0,t)oo 

2,492,00li 

4,090. 109 

5,275,000 

Maryland . . 

1,M9,S24 

2, (12:1, 005 

2.(192,497 

2,s;;;l,8:n 

;1,:157,SM 

4,036,283 

Iowa .... 

‘2(1:1, 4S7 

1,1 ‘20,000 

1.792,(»00 

4,01 2, :)T:) 

4,021,7:19 

:l, 820,000 

('olorado . . 

4,r)do 

08,s:lS 

:l7r),000 

l.:19S,79(l 

:i,o75,7Sl 

3,77., 2:34 

Indiana . . . 

4^17, S70 

.S9r),0(M‘ 

l.(lSO,OU0 

2,‘i7r),ooo 

:i, ;}(»:>, 7:17 

3,:)09,7()0 

Kentucky . . 

ir»o,r)S2 

r)(io,o(H) 

1,120.000 

1,901,000 

2,4^:1,144 

:3,020,050 

Missouri . , 


S40,0(H) 

l,(ls0,000 

8,0s0.000 

2,487,:^99 

:i,017,2s5 

Total for the ^ 
[Tnlted States, ) 

1 

rv8,1‘21,029 

1 

7:1,(147,997 

11‘2,(109,S11 

1 

50 , 07 :), 611 

! 

171,769,355 
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Besides these states, four others, Kansas, Tennessee, Indian 
Territory, and Washington, produce between 1,000,000 and 
3,000,000 tons annually, and the first two more than 2,000,000 
tons. A notewoithy featuie of this table is the rapid in- 
crease in the coal output of all the states, but especially 
of Alabama and Colorado. It is also a striking fact that 
the three ^eading coal-producing states in 1870 maintained 
their position in 1892. These three states, Pennsylvania, 
Illinois, and Ohio, together produced, in 1892, 123,670,000 
tons out of the total 171,769,000 tons produced by the 
country. Pennsylvania supplied considerably more than 
one-half the total of the United States, but the percent- 
age of Pennsylvania’s output to that of the rest of the 
country has decreased considerably since 1870, owing to 
the rapid increase in output in other parts of the country. 
In twenty-three yeais the United States has increased its 
coal output to more than five times the amount at the 
beginning of that period, or at the average rate of more 
than 6,000,000 tons a year. 

The average cost of bituminous coal at the mines in 
Pennsylvania in 1891 was fl.OO a ton, and of anthracite 
coal $1.79 a ton. Therefore the value of the total output 
of 168,566,669 short tons was $191,133,135. This of course 
does not at all represent the retail price, after shipping 
and passing through the hands of dealers, for this price 
varies greatly according to a variety of conditions, chiefly 
the distance from the mine and the manipulations of coal 
combinations. 



COAL. 


336 


PRODUCTION OF COAL IN THE WORLD.i 
Metric Tons (2204 Lbs.). 


COUNTIUEB. 

1866. 

1870. ' 

1876. 

1880. 

1886. 

1891. 

OroAt BrlUiin, 

99,759,G1H 

11 2, 2 11, Ml 

135,491,837 

149,378,744 

101,963,736 

188,519,767 

United States, 

24,790,400 

29,948,562 

48,204,201 

66,831,213 

102,186,701 

IM, 651,132 

Gormauy . . 

28,:i27,S00 

34,880,000 

48,532,400 

59,1 18,035 

73,675,515 

94,252,278 

Austria-IIun- ) 
gary ... 1 

2,02S,0s9 

8,355,915 

13,002,738 

1 1,800,000 

20,4135,463 

27,000,000 

Franco . . . 

11,S4(),000 

13,300,000 

10,950,810 

19,361,5(4 

19,510,530 

20,199,745 

Belgium . . 

11,840,603 

13,097,110 

15,011,331 

16,886,698 

17,437,603 

19,805,345 

Bussia . . . 

331,000 

090,209 

1.171,730 

3,206,811 

4,273,476 

7,000,000* 

Spain . . . 

itio.ooo 

001,932 

610,000 

847,128 

915,904 

1,280,000 

AU other \ 

Countries . ^ 

<> 7 , > 'O' 

4,041,111 

6,258,917 

9,079,774 

12,389,072 

17,126,783 

Total for > 
World . ' 

182,080,000 

217,823,000 

285,300, 0(»0 

339,370,000 

412,818,000 

535,101,000 


The rapid increase in output of nearly all the countries is a 
striking feature of this table ; but this is particularly notice- 
able in the case of the United States, Austria-Hungary, and 
Russia, and the group of unspecified countries. Spain, Fn.nce, 
and Belgium have shown a smaller rate of increase ; anci he 
two latter countries have fallen in rank, although they have 
increased their output. The marvellous increase in the 
coal production of the United States is especially note- 
worthy ; and it will not be surprising if, in the next decade, 

1 This extremely valur.ble table is extracted from a more complete one 
in Rothwell’s Mineral Industry (p. 84), which has served as the source of 
many of our statistics. Any studtmt interested in the statistics of mineral 
production will find this subject admirably and feUy presented in that 
treatise. 

a Probably the output of Russia for 1891 was nearer 8,000,000. 
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this country assumes first place among the coal-producing 
nations, which it can easily do, if the demand increases sufiB- 
ciently, since our possibilities are certainly exceeded by no 
other country in the world. Over three-fifths of the coal of 
the world is obtained in the United States and Great Britain. 
In the last twenty-seven years the average rate of increase 
in the corl output of the world has been about 13,000,000 
tons a year. 



CHAPTER XV. 


PETKOLEUM, NATURAL GAS, AND ASPHALTUM.^ 
Petroleum, 

General Statement. — Petrolcuiu, natural gas, and salt water 
frequently 0(5cur, more or less intimately associated, in strati- 
fied rocks. While sandstones and conglomerates are the 
chief sources of these suhstances, they are by no means 
confined to i.hese rocks; but in some places are found in 
shales, in others, in limestones. The geological age of the 
petroleum-bearing strata is Jilso variable. In the eastern 
states this substance occurs chiefly in the Silurian and Devo- 
nian sandstones and conglomerates, but some is also found 
in the Carboniferous strata. Practically no oil occurs in 
strata earlier than the Silurian. By far the most important 
single source of oil, at present, is the Trenton limestone 
horizon of the Silurian, in which the Ohio and Indiana fie lds 
are situated. Shales of the Laramie stage of the Cretaceous 
bear oil in Colorado ; and in California the age of the oil- 

1 The statistics ami distribution of these substances in the United States 
are fully treated in the EU-venth Census volume on Mineral Industries^ pp. 
425-51)1 ; in llothweH’s Mineral Indiistrif ; and the various volumes of The 
Mineral Besources of the United States, Day (U. S. Geol. Survey). The 
geology of the subject is discussed by Orton in the Eighth Ann. Kept. U. S. 
Geol. Survey, 1880, pp. 475-()02. There is also an important discussion of 
the subject in the Tenth t\-iisus, Vol. X., pp. 1-019. Various reports of the 
State Surveys of Ohio and Pennsylvania also conta. discussions on petro- 
leum. A complete biblingrapliy of the sulject will be found in Carll’s re- 
port, Annual Report for 1880, l*art II., i)p. 8;10-805. 
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bearing strata is Tertiary. Thus, although in the early his- 
tory of the petroleum industry the Palaeozoic was believed 
to be the only source of oil, it is now found to range through 
all ages from Lower Silurian to Tertiary. 

From the very earliest times in the history of this country, 
the existence of peti oleum has been known, by reason of its 
seepage at the surface, in oil springs ; but before the dis- 
covery of Oil in a well at Titusville, Pennsylvania, in 1869, 
no petroleum was produced. Immediately after this discov- 
ery, explorations were begun elsewhere in Pennsylvania ; and 
these have been extended, practically all over the country, 
with the result of finding oil in the majority of the states, 
altliough the profitable pioduction is confined to a few dis- 
tricts. Many remaikable developments have been made, par- 
ticularly those in 1885, when the importance of the Trenton 
limestone was first recognized. There are undoubtedly 
other fields yet to be discovered ; for even in as thoroughly 
explored a state as Pennsylvania, new fields of great impor- 
tance were discovered only a few years ago. 

Distribution of Petfoleum. — Petroleum occurs, in rather lim- 
ited areas, in vaiious paits of the United States. The well- 
known oil regions, Vhich produce the greater part of the 
supply of the country, are the western Pennsylvania-New 
York field, two fields in Ohio, the West Virginia field, one 
in Colorado, and one in California. Although a few other 
states produce some oil, none of these are of immediate 
promise; but the past history of the petroleum industry is 
such that it is not safe to make predictions with reference 
to the possible future of these districts. Outside of the 
United States, the principal oil fields are in the Caspian 
region, Canada, Japan, and New Zealand; but the United 
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States and Russia are far more important than all the 
others. 

Little need be said with reference to the distribution of 
petroleum, aside from the above general remarks and the 
statistics in the latter part of this section. Until 1875 all 
the petroleum of the country came from the Pennsylvania- 
New York field, which is continugus, and must therefore be 
considered as one field. Various oil-bearing sands of Devo- 
nian age are found there, in irregular areas, and since 1859 
they have been productive. Even, as late as 1891, important 
developments were made, in this district, by the discovery 
of an oil pool called the McDonald field, whicih, in the latter 
part of 1891, hau a production of 81,000 barrels a day ; but 
this has decreased, and at the close of 1892 the daily flow 
was about 18,000 barrels. In the last six months of 1891, 
it IS estimated that 6,000,000 barrels of petroleum were pro- 
duced from this field. Most of the old wells. have dimin- 
ished their flow, and many of them are now non-productive. 
New supplies will probably continue to be found in this field 
at intervals ; but eventually this will cease to be the case, and 
the old ones will probably give out. This seems to be 'le 
future of the petroleum industry, and already there are signs 
of its approach. 

During 1892, West Virginia increased its output by sup- 
plies from newly discovered fields in the same general belt 
as that of Pennsylvania. Since 1885, Ohio has assumed 
marked importance in this industry by the discovery of 
oil in large pools in various parts of the Trenton limestone. 
•In Colorado there is a small area, called the Florence field, 
which has produced, and still continues to |)roduce, consid- 
erable oil from a bituminous shale in the upper strata of the 
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Cretaceous. The California oil comes from sands bedded 
with shales of Tertiary age. These oils are quite remarkable 
from the fact that they occur in highly tilted strata, instead 
of in nearly horizontal rocks, as is usually the case. In 
Russia, oil occurs in the region of the Caspian, in Canada in 
the province of Quebec, and oil is also found in Japan, in 
Peru, New Zealand, and in small quantities in several Euro- 
pean countries. 

Origin of Petroleum.^ — There are great variations in the 
character of petroleum, not only in different districts, but 
even in the same field. Some arc dark and heavy, others 
are comparatively light and clear, the former being better 
lubricating oils, the latter serving as a basis for the produc- 
tion of illuminating oils. In some, the solid basis is paraf- 
fin, but those of California have asphaltum for a basis. There 
is a resemblance between natural oils and certain oils pro- 
duced from the distillation of animal remains such as men- 
haden oil, and between natuial gas and gases produced 
artificially from coal, and from the decay of organic remains. 
Indeed, natural gas is principally composed of marsh gas. 
This has led to the theory that these substances are the 
result of natural distillation of organic remains in the 
rocks, and this theory is quite generally accepted by Amer- 
ican students of the subject. It may be stated that theories 
have been offered to account for petroleum and natural 
gas by chemical reactions between inorganic substances; 
but, although offered by eminent chemists, the theory has 
little to recommend it aside from the fact that changes 
such as are suggested would produce petroleum. The 

1 This subject is discussed by J. F. Carll in Keport III., Pennsylvania 
Geol. Survey, pp. 270-284. 
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geology of the oil fields excludes these theories. By the 
decay of vegetation hydrocarbons of gaseous, liquid, and 
solid nature result, and by a concentration of the solid and 
liquid products, through the loss of the gaseous hydrocar- 
bons, petroleum is produced, and by a still further process of 
concentration solid paraffins or asphalts are formed. A 
chemical analysis of natural oils and gases would show 
a close resemblance to those artificially j^roduced, but the 
chemistry of the hydrocarbons is so complex that little can 
be given in this connection. Naphtha, benzine, illuminating 
oils, etc., compose it. 

While we must believe that these substances are derived 
from the deconq -^^'i^ion of organic matter, tliere is an oppor- 
tunity for a variety of explanations of the process by which 
this was brought about. Some have held that vegetable 
matter has produced the hydrocarbons, and others, that the 
source is fj*om animal fossils ; ])robably each and a combina- 
tion of the two ai'C correct for different fields. A study of 
the stratified rocks shows that certain shales and limestones 
are highly bituminous and that some are fmtid from the 
odour of decayed animal remains. There abundant ea- 
sons for the belief that petroleum has resulted from the alow 
destruction of organic remains, both animal and veg '‘table, 
during the changes through which the rocks have passed. 

It has been suggested that the souiv.e of the hydrocarbons 
is the coal, these having been driven off, with comparative 
rapidity, by a process of destructive distillation analogous to 
the production of artificial oils and gases. Unfortunately 
.for this theory the greatest supply of these substances comes 
from rocks below the horizon of the coal, a .d moreover the 
larger oil fields are in horizontal rocks which have undergone 
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very little metamorphism. Therefore, while it must be ad- 
mitted that this is a possible source, it is not the source of 
the bulk of our petroleum. Destructive distillation may 
account for the oil in the tilted rocks of California, and for 
the Colorado oils, but it cannot be accepted for the fields of 
the east. 

The distvibution of oil and gas through the rocks presents 
many interesting features. At first they were supposed to 
be confined to the rocks beneath the valleys, the theory of 
the jvell-drillei-s being, that in some way the surface topog- 
raphy influenced the distiibution of the petroleum; but there 
is of course no such association. A thorough study of the oil 
fields thus far explored shows that, while thii^ substance may 
occur in any stratified rocks, of almost any geological age 
since the Cambrian, the petroleum in a single aiea is confined 
to a definite bed, whose depth f i om the surface and probable 
extent can be predicted with cousideiable accuracy. Taking 
our eastern fields as a basis, since they are so much better 
explored and understood, it is found that, in a single produc- 
ing field, the oil occurs in moie or less restricted areas or 
“pools,” and that the pools in the Pennsylvania-New Yoik 
district are more or less linear in extent, with their longer 
axes in general parallelism with the axes of the Appalachian 
folds. 

In distribution and behaviour the oil has a certain resem- 
blance to underground water. This resemblance is noticed 
in the tendency of these substances to accumulate in porous 
strata bounded, above and below, by more impervious layers. 
Where these strata outcrop, oil sometimes oozes out at the 
surface, like a spring of water. When a well is drilled 
into an oil-bearing stratum, the petroleum rises to the sur- 
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face, after the manner of an artesian well, and at times, 
single wells produce many thousands of barrels in a day/ 
The resemblance ceases here, and we find that there are 
certain marked differences. A supply of underground water 
is perennial, and, year after year, an artesian well will 
continue to flow with unabated volume because the surface 
rains soak into the earth and take the place of the water 
which escapes. But the supply of oil is the accumulation 
of ages, and, when once the stratum is exhausted of its 
store, no more will come, excepting, j^erhaps, after a long 
period of time, when fresh supplies have been formed. 
Moreover, while the force of ejection of the oil is, in part 
no doubt, hj as in the ease of artesian wells, yet 

there seems abundant reason to believe that this force is 
in no small degree due to the expansion of contained 
gases. 

It might, perhaps, be expected that oil would accumulate 
more rapidly in mountainous regions where distillation of 
a destructive nature is in operation, such as that which 
drives off the volatile substances from coal to produce an- 
thracite. But probably this very force ui metamorp’ sm 
aids also in the distribution of these substances, cliiufly 
by producing joints and fissures tlirougii which th^y can 
escape, imitating, in a natural uay, the artificial process 
of tapping an oil pool by a drilled well. For the forma- 
tion of oil accumulations the strata must usually remain 
practically undisturbed. Under these conditions the so- 
called pools are formed, this name being given because 
the oil is distributed unequally, as if in pools. When 
such an area is reached by a drilled we *, gas sometimes 
escapes, then oil, and finally salt water; but at times this 



344 ECONOMIC GEOLOGY OP THE UNITED STATES. 


order is reversed, or in some oases oil first flows, or all 
three may come at once, or only one of the three substances 
may come, from a single well, throughout its history. 
There are probably various explanations for these phenom- 
ena, and several theoiies have been advanced to account 
for them. 

If the three substances are accumulated in a stratum, 
it is natural to expect that they will be stratified according 
to their si^ecific gravity, the gas at the top and the salt 
water at the bottom. One of the old theories to account 
for the accumulation of these substances into pools or 
limited areas and for their ii regularity of escape, is the 
Cavern Theory, This assumes that the gas, oil, and salt 
water have acpumulated in subtei’i’anean caverns, of irreg- 
ular form, and that they occur in layere, the gas at the 
top, then oil, and finally salt water at the bottom. If the 
arch of the cavern be pierced by the well, the order of 
flow will be gas, then oil, and finally salt water ; but if 
one end be encountered, near the lower levels of the cavern, 
salt water will fiist' escape, while oil will come first if a 
point a little higher up on the sloping side of the cavern 
be encountered. There is very little reason to believe that 
this theory is applicable, and good reasons for doubting 
its value, for it is highly improbable that such caverns exist, 
pailicularly in a bed o-f sandstone or conglomerate, where 
caverns would be difficult of formation. Moreover, the 
well-borings show no signs of large cavities. 

Recently the Anticlinal Theory'^ has been brought into 
prominence by the rapid development of the oil fields of 

1*1. C. White, The Manmngton Oilfield and the History of its Develop- 
menty Bull. Geol Soc. Am., Vol. ii, 1892, pp. 187-210. 
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West Virginia, which have been opened, in part, upon the 
basis of predictions made in accordance with this tlieory. It 
is, briefly, that beyond the main folds of the Apiialacliians 
the strata, on the bordering plateau at the western base of 
these mountains, were thrown into a series of waves or folds 
of slight elevation, and that the oil, furnished by the decom- 
position of organic remains, tending to accumulate in the 
porous strata, found it possible to accumulate in the highest 
parts of these strata; namely, in the crests of the low anti- 
clines, while the intervening troiiglis or syiiclines were left 
barren, or nearly so. ({as would lise to the extreme crest, 
while oil and salt water would be found on the outside at a 
slightly lowei Icwb This theory accounts for the general 
parallelism of the fields to the axes of the Appalachian folds, 
'for their limited extent and distribution, and, indeed, for all 
the general features exhibited. 

There can be little doubt that tlie anticlinal theory is 
proved, so far as tlie West Virginia fields ore concerned, and 
also that it accounts for some of the fields in I’ennsylvania ; 
but tlierc is good ground for doubting whether it can be 
extended to all of these fields. Some of the oil jjools apj r 
to be due to original irregularities of tlie oil-bearing stratum. 
These strata are of marine origin, and it is a familial fact 
to be observed in all sediments from water, wdicLher on the 
seashore, lake sliore, or river banks, that they vary in char- 
acter from place to place. Thus, on a beach tlie material is 
pebbly in one place and sandy in another, and the same 
stratum may be sandy near shore and clayey off shore. 
.Moreover, the sediments deposited opposite the mouths of 
rivers differ from those formed in the iiiurvening areas. 
Therefore a horizon, such as one of the oil-bearing sands. 
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may vary markedly in even a small area. Perhaps the 
texture varies, or possibly more iron or lime were furnished 
in one place than in another, and this ^^mld allow some 
parts of the bed to become firmly and compactly cemented, 
while other portions remained loose and pervious. The 
stratum, below or above, which furnished the oil may have 
varied in its ability to supply the petroleum, and in one or 
all of these ways there may very well have been a marked 
variation in either the supply or the concentration of the gas 
or the oil, thus causing an accumulation into limited areas, 
pools, or pockets, and this theory may be called the Pocket 
Theory. 

The essential features of an oil pool are a source of supply 
and a porous stratum bounded above and below by more 
impervious strata. The source is some neighbouring layer 
rich in organic leinains, and the porous stratum acts as a res- 
ervoir. The exact mode of accumulation may vary, the 
organic material being changed to oil and gas by a process 
of sloAv distillation, and gathered into the reservoir, which 
may he a porous pocket in an inegulaily porous stratum, or 
else in the crests of low anticlines. This has been written 
with especial leference to the Appalachian oil fields; but, 
while the general remarks hold for some other fields, they 
cannot be extended to those of California. There, however, 
as probably also in all otlier oil fields, the source of supply is 
organic remains, although the exact mode of accumulation is 
different. 

Uses of Petroleum. — The remarkable growth of the kero- 
sene oil trade, as the result of the discovery of our large 
stores of petroleum, is a matter of history with which we are 
all familiar. In 1892, 54,291,980 barrels (of 42 gallons) of 
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crude petroleum were produced in this country, and of this, 
86,645,634 barrels were used in the manufacture of illumi- 
nating pil, whi* 17,676,212 barrels were used as fuel oil, 
and 70,134 barrels for lubricating purposes. Wonderfully 
expensive methods of piping are employed for the transpor- 
tation of this oil to distant points and also for its reduction ; 
but because of the gi’eat scale upon which these operations 
are conducted, these methods are economical. This has 
created an industry in which the United States holds alnjost 
a unique position. Not only is our home demand fully sup- 
plied, but the products of the petroleum industry find their 
way into neaily all the markets of the Avorld. Tn 1891, 
531,445,099 g'lh> - of illuminating oils, valued at *^^34, 879,759, 
were exported from this country, and over ^^11, 000, 000 worth 
• of other products made from petroleum were also exported. 

Aside from the production of illuminating and lubricating 
oils, the product of some districts is used chiefly for local 
fuel. During the rechiction of ])etroleum to illuminating 
oils, naphtha, benzine, and gasoline are formed ; and a solid 
residuum of the paraffin series, used in the inanufactui-e of 
vaseline and other similar materials, is also produced. Ml 
of these substances are manufactured for export as well as 
for the home market. Petroleum must be classed with coal 
and iron as one of the most important mineral products of 
the country and one which has added largely not only to our 
industrial progi*ess, but also to the comforts of living. 

Production of Petroleum. — Statistics for the production of 
petroleum in foreign countries are difficult to obtain, but the 
•following tables show the distribution of the output in this 
country, and, in a very general and iiicon.plete manner, in 
the foreign nations : — 
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PHODUCnON OP PETROLEUM IN THE UNITED STATES 
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In 1859, which Avas the fiist yeai of peti oleum pi eduction, 
2000 bands ^^ele piodiucd, and, fioin this time till the close 
of 18b2, it is belie\ed that lull} 10,000,000 bin els of oil lan 
to waste in the Penns\l\ania held, bociuse theie was no 
maiket foi it. Fiom 1S59 to 1882, the output of Pennsyl- 
vania meieased lajudl), the pioduetion in the lattei jeai 
amounting to 30,053,500 bands Theie was then a peiiod 
of exhaustion of old \\ells and a failuie to open extensive 
new fields, whieli culminated m the veiy low inoduetion of 
1888. Since then the discoveiy of new pools has caused a 
maiked increase in the output, until, in 1891, the highest 
outjiut ever leached, ovei 34,000,000 bands, is lecoided. 
Very neaily the same \ filiations appeal in the table of total 
output, since, until 1887, the production of the eountiy was 
piactically that of the Pennsylvania-New Yoik held. The 
remaikable mciease of output since 1887 is attiibutable, in 
large measuie, to the development of the Oliio fields and 
the discovery of the new pools in Pennsylvania, although 
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the other oil-producing states have helped this increase 
slightly. 

At the close W 1 891 the United States had produced, since 
the opening of the first well, 508,447,362 barrels of crude 
petroleum, of which 429,755,990 barrels, or 84.5 per cent of 
the total, came from the Pennsylvania-New York fields, and 
64,377,499 barrels, or 12.7 per cent, from Ohio, these three 
states together having produced 97.2 per cent of the output 
of the country. In 1891, the Pennsylvania-New York field 
supplied 60.8 per cent; Ohio, 32.7 })er cent; and West Vir- 
ginia, 4.4 per cent, of the total output of the country. 


PRODUCTION OF PETROLFATM IN THE WORLD. 
MiiTinc Tons (2201 Lus.). 
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The value of the crude petroleum produced in the United 
States in 1892 was *^30,229,128. 


Natural Gas, 

General Statement. — In general, the dcscrijAion of petro- 
leum applies to natural gas. It belongs i the group of 


1 Barrels. 


2 Estimated. 
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hydrocarbons and is a member of the paraffin series. Marsh 
gM constitutes from 50 to 90 per cent of the Pennsylvania 
gas, and with this there is nitrogen, caibonic dioxide, and 
some other gases. The following analyses will give an idea 
of the chemical composition of some of the natural gases ; — 

ANALYSES OF NATURAL GAS. 
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The geological distiibution of natural gas very closely re- 
sembles that of petroleum, it being widely distributed through 
the strata from the early Paljeo/oic to the piesent. Maish 
gas, which is very similar to this, is being formed at piesent 
in swamps by the decay of vegetation. In Pennsylvania tlie 
natural gas is found chiefly in the Upper Caiboniferous, in 
Ohio in the Trenton limestone, and more rarely and less 
abundantly in local reservoirs in the drift. As in the case 
of petroleum, a porous rock, with impel vious enclosing strata, 
is the common reservoir, and the reason for this is the same 
in both cases. There is also a frequent association of gas 
with low anticlinal crests ; and, while it is frequently found 


1 Incomplete. 
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free from association with petroleum, this association is not 
uncommon. Natural gas has been found in nearly all IStio 
states and territories, but the most important sources are 
western Pennsylvania and New York, northwestern Ohio, 
and eastern centi al Indiana. The origin of this gas is the 
same as that of petroleum, the one l)eing a gaseous, the other 
a liquid, representative of the paraffin series of which paraffin 
wax is the best known illustration of the solid form. 

Natural gas was known to exist in the very earliest days 
of the extdoration of western New York, where it escaped 
from crevices in the reck. In 1821 a Avell w^as drilled at 
Fredonia, Chaatauqua County, New York, and gas for light- 
ing purposes wa.. rjhtaiiied. Other w^dls w^ere found later, 
in the same region, and in 1841 natural gas, which had 
long been known to exist in Virginia, was introduted into 
the manufacture of salt for purposes of evat)oration. Gas 
was also found to exist in association with the salt in salt 
wells, but the most important development of the gas fields 
has come since the discovery of petroleum in 1859. The ex- 
tensive drilling for oil, which has been carried on all over 
the Union, has succeeded in developing ga& fields, not ly 
in association with petroleum, but also in regions wdiere mis 
substance is not found. Since 1880 gas has bccoinc an 
important factor in and near the oil fields. 

Aside from the sources of this substance above mentioned 
(Pennsylvania, Indiana, Ohio, and New Yoik), some is also 
produced in Kentucky, West Virginia, California, and, in still 
smaller quantities, in other states. Outside of the first four 
•states there are very few uses for natural gas, and the indus- 
try of its production is therefore not as w J1 developed as 
the quantity of tliis substance Avould seem to w^arrant. The 
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Ohio field has been found to extend into Ontario, and consid- 
eiftble is produced in this province. In China, also, wells have 
been bored, and large stores found, and natural gas has been 
discovered in other places ; but there is more of this substance 
in the United States than in any other couiitiy in the woild. 

When gas is first found, it issues fiom the wells with tre- 
mendous fo ce, under the pressuie of the strata and ot its own 
compression. Four wells in the Findlay gas region each pro- 
duced over 1,000,000 cubic feet per day, and one, the Karg 
well, produced, at first, over 12,000,000 cubic feet per day. 
Some wells have had a pressuie of 800 pounds to the square 
inch, and many have a pressure of from 400 to 500 pounds. 
The Findlay wells, when first found, in 1885, had a j)ressure 
of 450 pounds to the squaie inch, in 1886, 400 pounds, in 
1889, 250 pounds, and in 1890 as low as 170 pounds to the 
square inch. These figures show tluit the gas wells are by 
no means permanent. Since 1888 the pressure, and conse- 
quently the output, of the gieat wells has been decreas- 
ing, and some A\liicli at fii*st seemed inexhaustible are 
rapidly fipproaching the end of their pioductive days. The 
companies producing gas have recognized the probable fate 
of the industry, and are appljing much inoie economical 
methods of using and distiibiiting it. Already tlie natural 
pressure has been supplemented in some wclK, b> i)uniping, 
and, where this has been introduced, it will continue the gas 
supply a little longer ; but, in general, it is a last resort em- 
ployed in a neaily exhausted well. This failure of supply 
is exactly what was predicled by those whose studies of the 
gas and oil fields forced them to the conclusion that these 
subs'tances were simply stored in the rocks, and not continu- 
ously supplied, as some well-owners believed. 
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Uses of Natural Gas. — When first found, the natural gas 
was of very little use, and immense quantities were allo\^^d 
to escape. Its value soon became recognized, however, and 
efforts were made to introduce it for fuel and for illuminat- 
ing purposes. This is still practically the only use of gas, 
although it is also used in the preparation of lampblack 
for the manufacture of the carbonq)oiiits for electric arc 
lamps. Aside from the latter use iiatui’al gas is of im- 
portance only locally, and this is the first substance dis- 
cussed of which this is true. It cannot be exported, nor 
can it be conducted to any great distance from the w'ells. 

As a fuel, natural gas is used for heating and cooking, in 
tlie manufacture oi iron and steel, for glass manufactur- 
ing, and, indeed, for scores of purposes wliere clieap fuel 
is needed. Gas has been so successfully introduced for 
these purposes, in the region near its soui\*e, that espe- 
cially prepared burners are introduced, and very little waste 
is now experienced; but, with the approaching exhaustion 
of the wells, serious problems are about to be presented ; 
and, indeed, already some of the companies are refu' ing 
to supply large inaiiiifactories with this fuel. Probt. 'y 
new fields will be discovered, but it is hardly likely that 
in the old regions many important new ones will be lound. 
Little by little the industry must fail ; for, unlike most 
industries, this is dependent entirely upon local and com- 
paratively limited supplies; and, while an iron foundry, 
by the transportation of iron from other fields, might survive 
the exhaustion of neighbouring iron mines, this is not possible 
in the gas industry. 

The following table shows the various uses for which gas 
was employed in 1889 : — 
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CONSUMPTION OP NATURAL GAS IN THE UNITED STATES, 1889. 

Cubic Feet. 

Various industrial establishments : brick and pot- 
tery burning, electric plants, machine shops, 


foundries, etc. , 2.‘]()0 establishments in all . . 236,900,000 

Iron and steel mills 171,600,000 

Heating and cooking 62,600,000 

Drilliii- and operating oil and gas wells .... 30,000,000 

Miscellaneous uses 26,000,000 

Glass works 18,750,000 

Pumping oil 7,500,000 

'rotal 652,160,000 


Production of Natural Gas. — There is very little basis for 
an exact estimate of the production of this substance, since so 
much is wasted, and so many different ways are made use of, 
by the various companies, for measuring their production. 
The current method of estimating the natural gas output 
is to state the value of the coal which it has displaced ; but 
this sometimes underestimates’ and sometimes overestimates 
the value of the production. The following tables are based 
upon this method of estimate, combined with the known 
amount received by some of the companies : — 


PRODUCTION OF NATURAL GAS IN THE UNITED STATES. 


Statf.s. 

1885. 

1887. 

1888. 

1889. 

1891. 

Pennsylvania . . 

♦4,500,000 

♦18,749,500 

♦19,282,375 

♦11,593,989 

♦7,834,010 

Indiana .... 


600,000 

1,320,000 

2,075,702 

3,942,500 

Ohio 

100,000 

1,000,000 

1,500,000 

5,215,669 

8,076,325 

New York' . . . 

,.196,000 

333,000 

332,500 

530,026 

280,000 

Konpicky . . . 




2,580 

88,998 

West Virginia . . 

40,000 

120,000 

120,000 

12,000 

85,000 
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In 1889, Pennsylvania produced over one-half of the supply 
of the country, Indiana about one-fourth, and Oliio nearly one- 
fifth ; or the three states together about iiincteen-tweiitictlis 
of the supply of the country. The rapid increase in Pennsyl- 
vania’s output, which reached a maximum of over ^^19,000,000 
in 1888, followed by a rapid decline, is a noteworthy feature 
of the table. Ohio has also rapidly increased its output, 
and this has been followed by a decline, while the Indiana 
output has gradually increased. 

NATURAL GAS PRODUCTION OF THE UNITED STATES. 


18S2 

.... $216,000 

1883 

. . .- . 476,000 

188i 

.... 1,400,000 

1886 

.... 4,857,200 

1886 

.... 10,012,000 

1887 

.... 15,817,500 

1888 

.... 22.620,875 

1889 

.... 21,097,099 

1890 

.... 18,742,726 

1891 

.... 15,600,084 

1892 

. . 13,000,000 


Before 1882 much gas was produced, but it was practically 
all wasted. The wonderful increase from 1882 to 1888 .uid 
then tlie continuous and rapid decrease to the present time 
are very striking features of the table, and these variations 
are primarily due to Pennsylvania. The value of the natural 
gas produced in Canada, in 1892, was $1(30,000. 

Asphaltum. 

Certain semi-solid bitumens, varying slightly in character, 
and to which different mineralogical name"'^ are given, are 

^ The names of the various varieties are alhertite, asphaltum, brea, 
elaterite, gilsonite, grahamite, lithocarbon, maltha, uintite, and wurtzilite. 
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included under the general term of asph^altum. In this 
country, as in many others, bituminous shales and limestones 
with very small percentages of bitumen are not uncommon, 
and some of them are sufficiently bituminous to be employed 
directly, in place of prepared asphalt,^ while others are used 
as a source of asphalt. Bituminous sandstone is quan-ied 
extensively in Kentucky and California, while in Utah a 
bituminous limestone is used for a source of asphalt; and 
in this territory there is also found a variety known as gil- 
sonite. Recently an extensive deposit, which is called litho- 
carbon, has been discovered in western Texas, but as yet 
there has been no output. Other deposits arc known to 
exist elsewhere in this country, but at present they are 
of little importance. The chief supply of the asphalt 
used in the United States comes from the island of Trin- 
idad, 'where the famous pitch lake occurs; but other re- 
gions, notably Sicily, also produce asphaltum. 

The origin of this substance is, in some places at least, from 
organic remains, b}^ a sIoav process of distillation similar to 
that which produces’ petroleum. In the bituminous lime- 
stones and shales, bitumen, instead of petroleum, has resulted 
by the concentration of the solid parts and the dissipation 
of the volatile portions. This has resulted, in the sedimentary 
strata, from slow distillation ; but, in the neighbourhood of 
igneous rocks, it may have been caused by destructive dis- 
tillation. The resemblance between this mineral and petro- 
leum is shown by the fact that in the California petroleum 
the solid base is a form of asphaltum. It has been suggested 
that the stages of change are first the transformation of 

^ 'rtie term asphaltum is given to the iinfinislied product, and asphalt 4s 
the commercial name for the finished product used in street-paving. 
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organic remains to oil, then to asphaltum, next to jet, and, 
finally, under sufficient metamorphism of the proper nature, 
to diamond. Wliile this is purely hypothetical, it is not 
improbable. The chemical composition is closely like that of 
parts of some petroleums, and the California petroleum has 
asphaltum for a base. Products closely resembling asphaltum 
can be produced artificially. 

This substance is employed, in the form of asphalt, for 
paving streets, and tliis is by far its most important use; 
but it is also made use of as a varnish for coating piles and 
wharf timbers. 

PRODUCTION OP ASPHALTUM IN THE UNITED STATES. 


Year. Short 'Fons. Value. 

1880 444 § 4,440 

1885 3,000 10,500 

1890 40,841 190,416 

1892 54,985 291,250 


Owing to the cost of transportation, the greater part of 
the asphaltum produced in the United States cannot com- 
pete with that shipped from Trinidad and elsewhcr^: and 
our supply is consequently used chiefly near the poiL> of 
production. In 1892, while wc produced 54,985 tons, our 
imports amounted to 109,582 tons, the greater part of which 
came from Trinidad. 


Ozokerite. 

A mineral belonging to this series is mineral wax or 
ozokerite (ozocerite), which occurs in Galicia, in Austria- 
Hungary, but which has also been foui ^ near Thistle in 
Utah. It is a yellow mineral, grading to a dark brown. 
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sometimes greenish, and varies in hardness from very soft 
to the hardness of gypsum. It may be considered an altered 
form of a petroleum, robbed of its volatile substance, and 
more nearly resembling that of Pennsylvania than that of 
California. It is chiefly a solid paraffin with some ben- 
zine, naphtha, etc. The uses of this mineral are, as a 
substitute for l-’eswax, in the manufacture of candles, for 
purposes in which vaseline is employed, and as an insulator 
in electricity. Before 1888, when ozokerite was discovered 
in Utah, Galicia was the source of this mineral, which was 
first obtained there in 1862. Our product, in 1892, was 

180.000 pounds, valued at $7800, while we imported 

1.250.000 pounds. The industry of mineral wax produc- 
tion is slowly increasing. 



CHAPTER XVI. 


BUILDING-STONES AND CEMENTS. 

Building-Stones,'^ 

General Statement. — The non-nietallic structural materials 
may be divided into four groups, — building-stones, ornamental 
stones, natural and artificial cements, and clays. All but the 
last of these are included in this cliaptcr, the clays being 
omitted here, since a very important use for these substances 
is the manufacture of pottery and ornamental ware. Gypsum, 
which is also used for structural purposes, is omitted liere, 
but is considered under fertilizers, since this is one of the 
most important uses of the mineral. Under building-stones 
is included the limestone burned and used for fei tilizing pur- 
poses, and that, also, which is burned for lime to be used in 
plaster. For the term hivilding-siones a more comprehen- 
sive word might be substituted, since under this head g is 
included, not only the stones used for building, but those 
also quarried for other structural purposes, such as pave- 
ments, fences, bridges, monuments, etc. ; but, although this 
is perhaps a poorly chosen term, it is employed here because 
it is in common use in the statistical "vorks. 

Practically, none of these products are of value for expor- 

^ The general subject of building-stones is treated by Merrill in his Stones 
for BuildhKj and Decoration^ New York, 1891 ; ud, in this connection, 
Burnham's Limestone and MarhJe will he found of value. The Tenth Cen- 
sus volume on Building-stone is also of value. 

359 
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tatioii, but nearly every country, and, in our own country, 
nearly every section, produces its own supply. Thus, in 
regions of granitic rocks, granites are commonly used, while 
in sandstone regions, buildings and other structures are 
more commonly made of this stone than of any others. Only 
the very finest quality of stone is capable of profitable trans- 
portation, and 1 ence we neither export nor import any but 
the best, usually ornamental stone. Where particular kinds 
and colours of marble are desired for interior decoration, or 
certain granites or marbles are needed for monuiiients, these 
are imported in some cases ; but the amount of these im- 
portations is very small, being greater for marble than for 
any other stone. Even within the country there is a very 
small amount of distant transportation. Certain colours of 
stone, needed for trimming, may be carried long distances 
where a particularly beautiful building is to be constructed ; 
and where cheap transpartation by water is possible, even 
paving-blocks may be carried several liundred miles ; but, 
notwithstanding these exceptions, the industry of building- 
stone production is essentially a local one. If statistics weie 
obtainable of the distribution of the stone product which 
is actually sold, this would be found to be very marked, 
but not nearly so striking as it really is, since large quanti- 
ties of stone used for stru^iral jmrposes are never jmt upon 
the market, but are quarned by the consumers. For this 
very reason the statistics of building-stone production, as 
given below, are far below the actual value of the industry. 

Granite. — Under the term granite^ as used in the trade, 
is inclyided a great variety of igneous and metamorphic 
rocks, among which are the true granites; and these, it is 
true, form the greater part of the so-called granites. Normal 
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granite, using the term in its strict scientific sense, is an 
igneous rock intruded at considerable deptli into the earth, 
hence a plutonic rock, having a coarsely crystalline structure 
and being made up of a granular, interlocking series of 
quartz, orthoclasc, feldspar, and grains of either hornblende 
or mica (usually biolitc), sometimes both. Ollier minerals 
are present, usually in minor quantities, and as accessories. 
The coarseness of texture varies greatly from an extremely 
fine grain to a very coarse rock ; and, indeed, some granites 
are entirely too coarse for use. The colour is also extremely 
variable, some being almost white, others a very dark green, 
some blue, and some red. These colours d(‘pend in cer- 
tain cases on the proportion of the constituent minerals, 
but most commonly upon a pigment contained in the feld- 
spars. Even ill the same rock some of the feldspars are red, 
while others are white, and just what these ])igments are is 
not always easy of determination. It is sound imes minute 
grains of iron and often a series of microscopic inclusions of 
some colour<‘d mineral. 

Different kinds of granite are used fo"* different pu )Oses. 
For monuments and ornamental woik there is an esjiecial de- 
mand for coloured granite, geneially of fine grain, v hich fits 
it for polishing; but in many of 'he uses for nhich granite is 
employed the colour is of minor inijiortaiico, durability, hard- 
ness, and cheapness (the latter depending upon the ease of 
working it) lieing of [irime imp(utance. This stone occurs in 
large masses almost entirely in the older rocks, and very com- 
monly in the mctamorphic series. This is one reason wh 
New England is of so much importance i the production of 
granite ; but it is also necessary that the rock shall be so 
situated that it can be easily quarried and transported at a 
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slight cost to a good and permanent market. Thus it is that 
so many quarries are situated on or near the seashore where 
water transportation is possible. 

Another important feature in granite is to have its texture 
and colour moderately uniform, and many very beautiful 
stones are rendeicd of little value, for most purposes, by 
reason of frequent inclu'^iions or bunches of daiker coloured 
minerals, whicn give to tlie rock a blotclied surface. These 
bunches aie, in some cases, actual inclusions of some other 
rock torn off from the country lock, when the granite was 
forced in a molten condition thiough the strata into its pres- 
ent position. These are partly melted and merged into the 
granite, but the centie is fiequently veiy little changed and 
forms a maiked contrast to the stone. Even more common 
than these are the daik buncdies known as basic secictions, 
which are accumulations of the daiker minerals of the rock 
into bunches by a piocess analogous to concretion, which 
operates while the lock is cooling fiom the igneous condi- 
tion. Thus, hornblende, biotitc, magnetite, and other basic 
minerals, gather together into bunches which aie frequently 
so abundant that it is impossible to obtain a slab which is 
free fiom them. In some gianites, paiticulaily tlic coloured 
and darker kinds, these are very abundant, while^ in the 
lighter granites they are often nearly absent; and even in 
the same quarry there is considerable variation in the abun- 
dance of these patches. 

Granite is an extremely hard and durable rock. The 
quartz which it contains, althougli biiltle, and thus affect- 
ing its crushing strength, is practically indestructible, and 
feldspar normally weatliers slowly and does not seriously 
injure the rock. It is also nearly as hard as quartz and 
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somewhat less brittle. The weakest parts of the stone are 
the basic minerals, chiefly the biotite, hornblende, and mag- 
netite, which are generally in less abundance than either 
the quartz or feldspar. Under the influence of the weather 
these begin to decay to other minerals, of which the oxides of 
iron are the most prominent. It is this which causes the red 
stain or rust upon joint planes, sometimes extending into the 
rock for a distance of several inches. Quarrymen call this 
the “ sap,” as if it were rising from the granite and passing 
out, while in reality it begins at the surface of the joints and 
slowly extends inward as fast as the percolating water can 
effect the necessary changes in the minerals. At first this 
does not materially weaken the rock, although it soon com- 
bines with other changes, particularly the kaoliiiization of 
the feldspar, and causes the granite to crumble. For a long 
time this “sap” stain was believed to ruin the stone, but 
recently it has been introduced into buildings; and, when 
the main part of the structure is composed of this rusted 
rock, trimmed with a lighter coloured stone, a very beauti- 
ful building is constructed. Instead of being thrown away, 
as it has been in the past, this rusted gnnite, because it is 
comparatively scarce, promises soon to become one oi the 
most valuable products of the granite quarry. 

This rock is so hard that but for the presence of planes 
of mechanical weakness it could not be utilized for many 
purposes for which it is now so valuable. These planes 
are of two kinds, — joint planes and microscopic planes (rift), 
along which the rock tends to split. There are ordinarily 
four sets of joint planes in a granite quarry (Plate II.). 
One of these is a nearly horizontal joii ung, whiph some- 
assumes an angle of 15^ or 20°, and is the result of 
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the contraction of the rock during cooling. By this set 
of joints the granite is traversed at various intervals, the 
divisional planes forming dome-shaped blocks with a radius 
of many yards, sometimes of several hundred feet. In 
some quarries the joints of cooling are so numerous that 
large blocks cannot be extracted ; but in others, where the 
horizontal joints are several yards apart, it is possible to 
obtain imr ense blocks of the granite. Tlie other three 
sets are nearly vertical, two of them meeting at an angle 
approaching a right angle, while the third cuts diagonally 
the rhomboidal blocks thus formed. These are joint planes, 
partly of contraction, partly of mechanical origin, the re- 
sult of folding and crushing of the granite during sub- 
sequent movements of the rocks. As in the case of the 
nearly horizontal joints, there is great variety in the num- 
ber of the j)lanes of breakage, and while sometimes they 
are twenty, thirty, or even as much as fifty feet apart, 
in other places they cut the rock in such numbers that 
it breaks into small pieces, a veritable fault breccia, which 
ruins the granite for economic purposes. 

These joint planes are of great importance in quarrying, 
since they form bounding planes, beyond which the cliarge 
of powder used in blasting will not break the rock. A 
series of smooth, naturally-formed working faces are thus 
furnished, and the work of quarrying greatly facilitated. 
Near the surface the joint planes furnish channels for the 
passage of underground water; and it is for this reason that 
their faces, and the granite for some distance in from these, 
are discoloured by iron rust ; but as the depth of the quarry 
increases, the jbint planes become less numerous. This 
shows that the joints are, in some cases at least, merely 
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microscopic planes of splitting developed by percolating 
water. The green scams which are present in many quar- 
ries illustrate this still better. These, are joints, along 
which some chloritic minerals have accumulated, and which 
are called blind scams by the (luarrymen Milieu the chloritic 
minerals are absent or not pjesent in suflicient abundance 
to be indicated on the surface of the freslily quarried rock. 
Even after the block has been blasted from the quarry, these 
sefims may not be visible, and sometimes, during the final 
shaping of the stone, it splits along one of these invisible 
planes, and causes the loss of all the labour employed. 
This is not a very common occurrence, but it is interest- 
ing for the purpose of showing what joint fdanes prob- 
ably are. 

Even more important than the joints are the microscopic 
planes of weakness known by quarrynien as rift." ^ Exam- 
ined with the microscope, these are sliown to be microscopic 
breaks and tiny faults crossing all tlie minerals, but usually 
not witli sufficieiit development to injure tlie strength of 
the rock. In well-rifted gi’anites these planes of breakage 
can be seen with the naked eye; but ai. times the are 
shown only wlien the rock is split, by a tendency lO a 
smooth fracture in certain dii’cctions. There are th ’ee sets 
of smooth-fra(;ture planes in some ([uarrics, the most pro- 
nounced vertical plane being called the ‘‘rift"; the second, 
the “cut-off”; and the third, a horizontal plane, the “’lift.” 
One of the first things to be determined in opening a quarry 

1 The remarks upon rift arc ba.sed upon a study of the granite in the 
quarries at Cape Ann, Massachusetts. So far as known, studies of this 
phenomenon similar to those made by the aiitlior have not been carried on 
elsewhere, although rift is common in granite. 
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is the direction of these planes, and in drilling holes for 
splitting the rock these directions are followed. The rift 
furnishes the direction for the greatest length of the block, 
the cut-off for the least important end, and the lift for 
cleaving the block upon the thiid side. When these planes 
are well developed, large blocks twenty or twenty-five feet 
square, and even more, are readily split from the quarry, 
with such smooth faces that very little dressing is needed 
to prepare the rock for polishing. In no class of work is 
this tendency of splitting so needful as in the preparation 
of paving-blocks, the cheapness of which depends upon the 
facility of breaking in three directions. 

Aside from granite proper, many other igneous and some 
metamorphic rocks are used as granite, and called by this name 
in the market. One of these is gneiss, a metamorphic rock, 
which, in some cases, so closely resembles a granite that only 
a careful study serves to distinguish it. This rock, however, 
frequently has a lower crushing power than granite, because 
of the presence of the gneissic atructure, which is a direc- 
tion of weakness, often very marked. One of the principal 
objections to gneiss is the lack of uniformity of texture and 
colour, which, excepting in unusual cases, is not so good as 
in ordinary granites. Much gneiss, however, which is quar- 
ried and sold as granite is a really good stone wliich cannot 
be distinguished from a good granite by the ordinary char- 
acter’s of economic importance. Very nearly every igneous 
rock is quarried and sold as granite,^ and some of them are 
not seriously inferior to tiue gianite. Syenites, in which 
there is no quartz, are not as strong chemically, as true 

^ Upon pages 508, 599, Eleventh Census volume on Mineral Industries^ 
will be found, tabulated, the various varieties of rock sold as granite. 
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granites ; but they are of better quality than many of the 
igneous rocks. The basic rocks, such as diabase and diorite, 
contain minerals which decay so readily that they are gen- 
erally unfit for exposed work. By far the greater part of 
the rock quarried and sold as granite is normal granite ; 
but since so much that is not of this species is sold 
under this name, one should, before using any other kind, 
carefully study the character of the rock, provided a use is 
to be made of it which requires durability and strength. 

Granite is employed for a variety of puiq^oses ; and its 
value varies greatly, according to the use to wliich it is to 
be put and the location of the quarry. In 1889 the total 
value of the granite produced in the United States was as 
follows : — 

VALUE OF THE GRANITE TRODUCED IN THE UNITED 


STATES, 1889. 

Building purposes $(5,160,034 

Street work 4,456,891 

Cemetery, monunieiital, and decorative purposes, 2,371,911 

Bridge, dam, and railroad work 1,238,4(^ ■ 

Miscellaneous uses 230,868 

Total value $ 14,404,095 


This represents a total of 62,287,156 cubic feet of granite 
actually sold, but makes no allowance for a not inconsider- 
able amount quarried and used bj^ private individuals and 
corporations, but not placed upon the market. Large quan- 
tities of granite are wasted in the cours of quarrying and 
dressing operations. 
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PRODUCTION OF GRANITE IN THE UNITED STATES. 


States. 

1880. 

1889. 

1891. 

Massachusetts 

$1,3*21), 315 

$2,503,503 

$2,000,000 

Maine 

1,175,280 

2,225,830 

2,200,000 

California 

172,450 

1,320,018 

1,300,000 

Connecticu 

407,225 

1,001,202 

1,167,000 

Georgia ......... 

04,480 

752,481 

700,000 

New Hampshire ...... 

303,000 

727, 551 

750,000 

Rhode Island 

023,000 

931,210 

750,000 

Vermont 

50,075 

581,870 

700,000 

Pennsylvania 

211,454 

023,252 

575,000 

» 

Total for the United States 

$5,188,008 ! 

i 

$14,404,005 

$13,807,000 


In 1891 nine states, Maryland, Wisconsin, Colorado, Mis- 
souri, New Jersey, Virginia, New York, Delaware, and South 
Dakota, named in the order of their importance, produced 
more than $100,000, and less than $500,000, worth of gran- 
ite. It will be noticed that all the New England states are 
included in the first eight granite-producing states of the 
Union, this being tlic first economic product in which any 
one of them has held a higli rank. During the year 1891, 
$8,167,000 of the total output of the country came from 
these states. Nearly the entire supply came from the east- 
ern states, and the greater part of this fiom tlie states of the 
extreme east. The rapid development of tlie granite indus- 
try is shown in the table, but in the last year a considerable 
decline is noticed. Particularly striking is the development 
of the industry in Georgia, Vermont, California, and Con- 
necticut. 
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Sandstone. — Sandstone, being a sedimentary rock, will 
naturally be found where sedimentary strata abound ; and in 
our country these conditions are most markedly developed 
in the central states. None is found in the metamorphic 
region, excepting in isolated basins, where later rocks have 
accumulated, as in Connecticut. Very little is produced in 
the Cordilleras, but less because of its absence than by rea- 
son of the difficulty of finding a market for it. 

The geological age is very variable, and sandstones are 
found in all sedimentary strata from the Cambrian to the 
Tertiary ; but tlic greater part of our supply comes from the 
Palrcozoic in the central states and the Triassic in Penn- 
sylvania (in part). New Jersey, and Connecticut. 

The rock is composed of grains of sand, usually of quartz 
sand, with some feldspar, mica, etc., cemented, sometimes by 
silica, but more commonly b}^ iron or by carbonate of lime. 
It is, therefore, a very good building-stone, j)rovided the 
grains are firmly cemented. Usually the crushing power is 
not great ; but owing to the abundance of quartz, the chemi- 
cal durability is very marked. If the cement is silica, the 
rock is as durable as any common rock . an be ; bm mch 
sandstones, or quartzites, are not commonly used, because of 
the difficulty of quarrying and dressing so hard a rock With 
a firm lime or iron cement the stone is sulficiei’tly durable for 
ordinary purposes ; but even in such cases, and much more 
markedly when the cement is not firm, water dissolves the 
cement, and forms crevices, which heat and frost expand, 
causing the grains of sand to fall apart and the stone to 
crumble. The effect of weathering is very well shown in 
many old buildings made of sandstone ; I t there are such 
buildings, many centuries old, which are sufficiently well 
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preserved for use at present. It is not as durable as good 
granite, but is one of the best building-stones. 

In the texture there is great variability, though this is not 
as marked as in granite ; for, when the grain is coarse, the 
rock is a conglomerate, and, ordinarily, this stone is not 
suited for building purposes. Prom this extreme, sandstones 
grade to a very fine-grained rock; and some of these are 
almost c lay rocks, being, properly speaking, argillaceous 
sandstones. The colour is also variable : blue or green, in 
shades of varying intensity, as well as red, 'pink, brown, 
and white being the most common; but in the sandstones 
there is an almost infinite variety of colouring. According 
to the localities from which the stone is obtained, and fre- 
quently to the colour or texture, various commercial names 
are employed, such as blue or buff Amherst (Ohio) sand- 
stone ; Portland (Connecticut) brownstone ; freestone, a 
name given to sandstones which may split easily or freely 
in various directions ; Berea (Ohio) grit, etc. 

The method of qua^;i’ying sandstone varies greatly, accord- 
ing to the locality and character of the stone ; but, in all 
cas^s, the fact that it is a sedimentary rock aids the quarry- 
ing, by giving one direction of easy splitting parallel to the 
bedding. Where the strata are thic® bedded, that is, with 
the parting planes of stratification far apart, it is often pos- 
sible to obtain large blocks ; but in this case the quarrying 
operations are more difficult, and blasting is resorted to for 
the purpose of breaking the rock across the bedding. In 
thin-bedded sandstones channelling-machines are employed 
to cut from layer to layer, and, in some of the Connecticut 
brownstone quarries, the rock is grooved with pickaxes, and 
then split by driving wedges at intervals in the grooves ; but 
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this is possible only when the rock is soft. In all quarrying 
operations vertical joint planes are of great service, and this 
is true of sandstones as well as of other rocks. These joints 
prevail throughout all strata, although they are sometimes 
absent. 

The value of sandstone varies greatly with the colour, 
texture, and the demand for particular kinds. During the 
census year 1889, 71,571,054 cubic feet of sandstone were 
quarried and sold for the following purposes: — 

VALUE OF THE SANDSTONE PRODUCED IN THE UNITED 


STATES, 1889. 

Building purposes $7,121,042 

Strof.. V 1,832,822 

Bridge, dam, and railroad work . . 1,021,020 

Abrasive purposes . . 580,220 

Miscellaneous . . 259,144 

Total for all purposes $10,810,057 


PRODUCTION OF SANDSI’ONE IN THE UNITED vSTATKS. 
ii 


States. 

1880. 

1889. 

1891. 

Ohio 

$1,871,924 

$3,04C,C&(5 

$3,200,000 

Colorado . 

9,000 

1,224,098 

750,000 

Connecticut 

680,200 

920.061 

750,000 

Pennsylvania 

627,043 

1,600,159 

' 750,000 

New York 

724,556 

702,410 

500,000 

Total for the United States . 

$4,780,301 

$10,816,057 

$8,700,000 


The bluestone industry is included in +he statistics for 
1880 and 1891, A marked increase is noticed in the produc- 
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tion of the country and of some of the states, notably 
Colorado and OWo, between 1880 and 1889, and a marked 
decline, from 1889 to 1891, in the production of all the 
states, excepting Ohio, which is pre-eminently the sandstone- 
producing state of the Union. Seven states, Wisconsin, 
Massachusetts, New Jersey, Minnesota, Michigan, California, 
and Missouri, named in the order of their importance, pro- 
duced be 1 ween $100,000 and $500,000 worth of sandstone 
in 1891. 

Bluestone. — A very fine-grained variety of shaly sand- 
stone, usually of a bluish colour, and consisting of particles 
of silica and some argillaceous matter, cemented by silica, 
is included under this heading. Ordinarily in statistical 
studies this roek is included under the sandstones ; but in 
the Eleventh Census report it is given a separate considera- 
tion, because the rock differs from sandstone both in char- 
acter and use. The stone, which is intermediate between a 
shale and a sandstone, might, with propriety, be called a 
siliceous shale. Its cqi^our is usually a dark blue, but some- 
times it is light blue, sometimes green, and, in some cases, 
even brown. The value of the stone depends upon its fine 
texture and hardness, in part, but chiefly upon its thin- 
bedded nature, which allows it to bc#btained in thin slabs 
suitable for flagging. This is its principal use, although it 
is being introduced for other purposes where thin slabs are 
needed. In the bluestone flags there are frequently pre- 
served most excellent ripple marks, which prove that when 
it was formed, shore-line conditions prevailed at the point of 
cjeposition. 

New York is the principal bluestone-producing state, and 
it is found there in several counties, chiefly in the central 
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part of the state. Both Pennsylvania and New Jersey also 
produce flagstones of this type. The following table shows 
the value of the industry, but docs not give returns from a 
large number of small quarries, which produce small quan- 
tities of flagging for local purposes. Many of these quarries 
are opened by farmers, and worked at intervals when farm- 
ing work is not pressing. 

PRODUCTION OF BLUESTONE IN 1889. 

New York ^1,300,321 

Pcniisylvania .... . . 377,735 

New JiTsey 8,560 

Total ^1,089,606 

Slate. — This rock is formed by the alteration of clay 
strata, of sedimentary origin, and the slaty cleavage is a 
new structure imposed by pressure and metamorpliism, which 
have sometimes operated even to tlie extent of destroying 
the original bedding. The new stru^jture, which is called 
slaty cleavage, is developed at right angles to the direction 
of the pressure, and consists in the f mation of 3W 
minerals, chiefly hydrous and other micas, which give tu it 
the shiny surface of tWb slate faces and the ease of spotting 
in a given direction, parallel to the faces of tl)^ mica plates, 
and dependent upon the general parallelism of these plates. 
It is an intermediate stage between clay rocks (such as 
shales) and mica schist. The sedimentary origin of the rock 
is sometimes shown by the presence of bedding planes, 
usually at an angle with the cleavage, and more rarely by the 
presence of distorted fossils. In colour th slate is usually 
slate-blue ; but there are green, brown, purple, and red 
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slates. These shades depend upon the prevailing colour of 
the component minerals or upon some stain or pigment, the 
red and brown being due to iron, the purple to manga- 
niferous minerals, the green to chlorite, and the blue to a 
combination of chlorite, carbonaceous matter, and other 
substances. 

Slates may be of any age where metamorphism has altered 
clay rocks to the stage of slates. They are almost uni- 
versally absent from the Archean, because, if clay rocks 
ever existed there, they liave passed the slate stage of njeta- 
morphism and become mica schists. These rocks are usually 
absent from the strata of post-Paljcozoic age, for the reason 
tliat rocks of this age have not usually been exposed to 
extensive metamorpliism. Still, in California the strata of 
the Sierra Nevada consist in part of slates of Cretaceous age, 
and there are more recent slates elsewhere. The PaUeozoic 
age, and of this the earliest members, is the most important 
slate-bearing series both in this country and elsewhere. 
This rock is widely distributed, but the most important states 
are situated in the Appalachian and New England regions, 
where there is a belt of Cambrian and Silurian age, extend- 
ing from Vermont to Georgia. 

The value of slate depends upon the presence of the 
remarkable cleavage which admits of its being split readily 
in a single direction so that thin sheets of moderate size can 
be obtained. In quarrying slate, joint planes are of great 
importance ; but when they are too numerous, the rock splits 
into such small blocks that slate for tiling cannot be ex- 
"tracted. Wh4e this rock is extremely common, good roof- 
ing-slate is comparatively rare, because either the texture is 
not uniform, or the colour not suitable, or the cleavage not 
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properly developed, or joint planes too numerous. Many 
slates, called argillites, have not had the slaty cleavage 
developed to a marked degree, either because of the original 
texture, or the fact that metamorpliism has not been suffi- 
ciently powerful. On the other hand, some slates have such 
a shaly structure that the flakes are too thin for use ; others 
have several cleavages, whicli cause the I'ocks to split with 
an irregular surface ; and in some the bedding is not suffi- 
ciently destroyed to prevent its furnishijig a second plane 
of cleavage. A good roofing-slate mu.>.t be massive and 
strong, with only one cleavage, which must be well devel- 
oped; and it should have a uniform texture, a permanent 
colour, and should not be too bi‘ittle for cutting into regular 
forms. While the greater part of the slate is dark blue, the 
light blue, green, red, and other colours are used for figures, 
margins, and, in general, for relieving the monotony of a 
single colour in roofing. 

By far the greater part of the supply is used for roof- 
ing, but some is also consumed in the manufacture of slates 
for school purposes, for strips, flagging, sills, mantels, wash- 
bowls, and many minor purposes, where nn easily w« ked 
rock of uniform texture and colour is desired. Marbki/.ed 
stone, which is being introduced for interior work, in imita- 
tion of banded and coloured marble, is made by a process of 
graining with colours upon slate tablets and slabs. Some of 
this work is very beautiful, but the fact that it is an imita- 
tion, and not permanent, is liable to prevent its general in- 
troduction. The rapidly increasing use of metal for roofing 
is interfering with the consumption of slate for this purpose, 
particularly in the east. In 1891 the toi 1 consumption of 
slate was valued at 13,825,746, of which rii<3,125,410 worth 



376 ECONOMIC GEOLOGY OF THE UNITED STATES. 


was used for roofing purposes, this amount representing 
893,312 squares of slate. 


PRODUCTION OF SLATE IN THE UNITED STATES. 


States. 

1880. 

1889. 

1891. 

Pennsylvania 

$803,877 

$2,011,720 

$2,141,005 

Vermont 

362,008 

842,013 

055,017 

Maine 

83,800 

210,500 

260,000 

New York 

95,500 

120,003 

170,000 

Virginia . . 

61,000 

113,070 

127,810 

Maryland 

50,700 

110,008 

125,425 

Total for the Ignited States 

$1,529,085 

$3,482,513 

$3,825,746 


Limestone. — Deposits of carbonate of lime are sometimes 
precipitated from solution, but most frequently they are 
the accumulations of animal remains, generally of coralline 
animals. By tliese agencies vast stores of limestone have 
been built in alt geological ages, and consequently every 
part of the country produces this stone. In Florida, and 
in many oceanic islands and coral reefs, accumulations 
of recent shells and coral fragments have been loosely 
cemented, forming a coquina which is used locally for 
building purposes. This coquina differs in no essential 
particular from true limestone, excepting in tlie degree of 
consolidation ; and since it is being formed under our very 
eyes, it serves as an excellent illustration of the ease with 
which rocks jnay be consolidated when there is present an 
abundant supply of a very soluble mineral, such as calcite, 
which is the cementing material of limestone. 
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In colour limestone varies markedly, from black to pure 
white, with abundant blues, browns, and grays. The text- 
ure varies from a very fine grained compact rock to a semi- 
crystalline, and even a very coarsely crystalline marble com- 
posed of calcite crystals. It may be nearly pure carbonate 
of lime, or a nearly pure magnesian carbonate or dolomite ; 
it may be a black carbonaceous or bituminous limestone; 
or it may pass by gradations from an argillaceous limestone 
to a limy shale ; and between these various kinds there is 
eveyy gradation. 

Under the term limestone should properly be included 
only those rocks which are composed cliielly of carbonate 
of lime ; bu^^ ^"ornmerciallv, siliceous, argillaceous, and mag- 
nesian limestones are all included under limestone. More- 
over, there is a peculiar complication resulting from the 
attempt to separate marble from limestone. When a lime- 
stone has been metamorphosed, the Ciubonate of lime 
becomes altered to crystalline calcite, and the impurities 
gather together either in bands of different colours or in 
bunches of various minerals. This results in the formation 
of true marble, which should very properly be sep.* 'ated 
commercially from ordinary limestone, since it is meL.nior- 
phosed and crystalline, and, being capalde of a high polish, 
serves for purposes for wliich ordinary limestone cannot be 
used. But under the term marhle^ in its commercial 
sense, is included many non-crystalliiie limestones, which, 
by polishing, show either banding or some desired colour, 
such as black. Consequently marble in its commercial 
significance is made to include stone which is not true 
marble. Nor is the teimi limestone any lore exact, since, 
not only does it include many very impure limestones, but 
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also true marble, when this is not situated in positions 
favourable for quarrying, or has not a sufficiently fine text- 
ure, or cannot be obtained in sufficient quantities, or in 
large blocks. 

Commercial limestone may be said to be any rock contain- 
ing a sufficient quantity of carbonate of lime to pay for burn- 
ing ; and commercial marble may be defined as any limestone, 
crystalline or non-ciystalline, which is susceptible of a polish, 
and has a colour and texture suitable for ornamental work, 
and a position favourable for economic extraction. The 
terms are therefore far from scientific. Properly speaking, 
marble is metamorphosed and cither partly or completely 
altered limestone, usually semi or wholly crystalline. But 
since there is every gradation from one form to the other, 
it is difficult to always distinguish them, as, indeed, it is in 
the case of all sedimentary rocks, for there is every gradation 
from conglomerate to sandstone, from sandstone to shale, 
from shale to limestone, and from limestone to marble. 

In 1889 the total siqiply of limestoiie produced in the 
country was used 'for the following purposes: — 

USES OE LIMESTONE IN 1889. 


Lime . $8,217,016 

Building 6,405,071 

Street work 2,88.3,456 

Flux 1,600,312 

Bridge, dam, and railroad work . 1,280,022 

Miscellaneous 230,103 


Total $10,006,179 


For some of these purposes it is not necessary that the 
rock should have particular qualities, but for others it should 
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be comparatively pure. This table does not fully repre- 
sent the value of the industry, particularly that part of 
it which is represented in the manufacture of lime, and 
that used as a flux. Full returns have not been obtained 
from many blast furnaces which quarry their own flux, 
and there are, in operation upon farms, large, numbers 
of lime-kilns for burning limestone to be used cither as 
a fertilizer or a plaster. These two industries should 
have their total increased; and probably the total value 
of the limestone quarried and used for all purposes is 
over $21,000,000. 

PRODUCTION OF LIMESTONE IN THE UNri'KI) STATES. 


States. 

1880. 

1889. 

1891. 

Indiana ... 

^503, .‘Ur) 

.<$1,880,330 

^2,100,000 

Pennsylvania 

210,031 

2, 05."), 477 

2,100,000 

Illinois 

1,320,742 

2,100,007 

2,030,000 

Missouri 

421,211 

1,850,000 

1 ,400,000 

Ohio 

000,723 

1,514,031 

1,250,000 

Maine 


1,.52;'», 100 

1,‘’00,000 

New York 

207,000 

i,n>8,830 

1, ,000 

Wisconsin 

180,320 

813,003 

0, 1,000 

Minnesota 

201, r, 03 

013,247 

(500,000 

'total for the United States 

.^0,8'‘>0,()bl 

.^10,005,170 

1 

l£;l5, 702,000 


The combined value of the marble and limestone indus- 
tries in 1880 amounted to only $0,800,081, while in 1889 
it exceeded $25,500,000, showing a striking increase in ten 
years. Thirteen states, California, Iowa, ' labama, Kansas, 
Kentucky, Nebraska, Texas, Vermont, Virginia, Maryland, 
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Connecticut, Massachusetts, and New Jersey, named in the 
order of their importance, each produced over f 100,000 
and less than $500,000 worth of limestone. Almost one- 
half of the limestone of Indiana and Illinois is used in 
building, nearly all of the output of Pennsylvania is used 
for lime and flux, and all of the output of Maine is 
manufactured into lime. 

The foiiowing table shows the rank of the various states 
in the several industries : — 


USES or LIMESTONE BY STATES, 1889.1 



Uses 

Pfn n 

S\L^A^T\ 

Tllivoib 

Indian \ 

Mts 

HOI III 

Nkvv 

York 

Onto 

\fAivr 

Lime 

11 

$1,105,95‘) 

\TTl 1 

$366,245 

i\ 

$310 315 

V 11 

$46) 390 

in 

$S37,613 

IV 

$*>61,325 

$1,52.3,499 

Building 

vm 

23s 4,31 

1 0^,550 

09V,Slo 

in 

512, S71 

IV 

44 1 201 

V 

407,3ns 


Street work 

i\ 

72,512 

II 

f)0.> 576 

III 

ai 6,722 

I 

670,351 

IV 

197,091 

V 

133,235 


Flux 

I 

919 (N3 

ti 

1G6 597 

will 

1 0 >(» 

W 1 

5(»91 

V n 

32,750 

in 

105 96 3 


Bridget, dims, ett , 

IV 

155 (iM 


1 

23 710 

111 

169 720 

n 

175,716 

V 

121 51S 



Marble. — Vermont is the principal inaible-producing 
state of the country, the most important quarries being 
situated near Rutland, where there are extensive beds of 
a well-crystallized white and blue banded, and a clouded 
blue marble associated with a pure white crystalline mai Ide. 
In the West Rutland quarries the strata dip to the west 
from a gentle slope to a dip of nearly 80®; and, in these 
beds, quarries have been opened to a depth of over three 

1 The numerals refer to the relative rank of the various states in the dif- 
ferent branches of the limestone industry. 



BUILDING-STONES AND CEMENTS. 


381 


hundred feet. This belt of limestone extends, with greater 
or less continuity, to Long Island Sound, but, in tlie greater 
part of it, the marble is not suitable for ornamental pur- 
poses ; and, where quarried, is used chiefly as a source for 
lime. 

Tlie so-called marble of Tennessee is not in reality a 
marble, but is a partly inetamorpliosed limestone in which 
the abundant fossils still show plainly, and b}^ their differ- 
ence of colour and their form, give to much of it its 
particular value. There is a considerable variety of (colour, 
from light pink to chocolate bj*own, and often mixtures 
of these colours. In New York a coarsely crystalline, 
mottled, and banded blue, greenish, and white marble is 
found in St. Lawrence County; and iji Westchester County 
a mottled dolomitic marble is quarried. A dull brown 
limestone, containing fossils, is obtained in Greene County, 
and a black limestone occurs at Ghms Tails, in AVarren 
County, New York. Georgia, IMaryland, California, Penn- 
sylvania, and Virginia are also maible-producers, and in some 
other states this stone has been found. It may lie safely 
predicted that the best marbles of the ' ' entry have lot 
yet been exploited; for, in the Cordilleras, there are expen- 
sive deposits of beautiful and variously coloured marbles, 
which will some day rival the best Italian products. As 
in the case of nearly all building-stones this region, be- 
cause of its inaccessibility, has not been developed; but even 
at present it would be possible to put upon the market 
some of these beautiful siones. 

In the Eleventh Census report both serpentine and onyx 
‘are included under marble, and we have m •ecent statistics 
of the production of these ornamental stones. Onyx is 
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found in this country only in the western part. There 
is a deposit of this stone in San Luis Obispo County, Cali- 
fornia, but, although it resembles the Mexican onyx, and is 
very beautiful, it has not as yet assumed marked importance, 
because of its inaccessibility. At present onyx is quarried 
in Arizona, about thiity miles east of Prescott. It outcrops 
here in a bluff, and is stratified with a breccia, being, 
apparently, a precipitation from lime-bearing waters which 
have received their carbonate of lime by percolation through 
the neighbouring igneous rocks. This onyx compares favour- 
ably Avith that of Mexico, but, although some is sold, our 
chief supply of this stone still comes fiom the latter country. 

Serpentine is known to exist in various parts of the 
belt of metamorphic ]ocks, from New England to Georgia, 
and also in the Cordilleian metamorphics ; but it rarely 
occurs 111 sufficient abundance and of the proper colour 
to be of economic value. Tliere are, however, serpentine 
quarries in Maryland, fiom which a stone varying in colour 
from pale to dark green is pioduced. Serpentine is a 
product of metaniorphism and alteration from certain rocks 
and minerals, notably from olivine and olivine-bearing 
rocks. 

Over 80 per cent of the marble consumed in this country 
is produced at home, but considerable ornamental stone for 
interior decoration is imported, principally from Carrara in 
Italy, from which place we obtain three-fourths of our 
imports of this stone. Marble is used almost entirely for 
interior decoration, for ornamental work, monuments, grave- 
stones, and some of the more costly buildings. It is not 
nearly so commonly used for building purposes as the other 


stones. 
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PRODUCTION OF MARBLE IN THE UNITED STATES. 


States. 

1880. 

1889. 

1891. 

Vermont 

$1,340,000 

$2,109,500 

$2,200,000 

Tennessee 

173,000 

419,407 

400,000 

New York 

221, .')00 

351,197 

390,000 

Georgia 

.... 

190,250 

275,000 

California 


87,0;!0 

100,000 

Maryland 

03,000 

139,810 

100,000 

Pennsylvania 



45,000 

Total for the Unit(‘d States. . 

$2,0.33,595 

$3,488,170 

$.1,010,000 


Summary of Building-Stone Production.^ — Tlio ton lead- 
ing istono-producing states in 1889 were l^ennsylvania, Ohio, 
New York, Maine, Vermont, Massachusetts, Missouri, Illi- 
nois, California, and Connecticut, all of which produced 
more than $2,000,000 worth of stone in the last census 
year. Five other states, Indiana, Colorado, Wisconsin, New 
Jersey, and Minnesota, ])roduced over $1,000,000 worth of 
stone in 1889. Forty-four states and territoiies pioduced 
$53,035,t)20 worth of stone for building and other purj. ;cs. 

Of this total, Pennsylvania supplied 13.8 per cent, or 
$7,319,199 worth of stone. All coniinereial varieties are 
found there, but the chief products are limestone, slate, and 
sandstone. Ohio, which ranks as the second most important 

1 For a more complete statement of tlie economic importance of tlie stone 
industry in the various states of the United States, refei-c nee may b(‘ made to 
the Eleventh Census volume on Mino'ttl Tndm^ti'ios^ j^p. 50r)-(>()(>, and the 
Mineral Ilesonrres of the United Stales, Day (U. S. (teol. Survey) 1881)- 
1800, pp. 373-440. An excellent book nj)on the «;( i' ral subject of building- 
stones is Merrill’s Stones for UntUlitoj and Decoration, New York, 1891. 
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stone-producing state, supplies almost exclusively sand- 
stone and limestone, in the former of which it holds fii*st 
rank. . 

All varieties (^f stone are obtained in tlie third state, New 
York, but the most important are limestone and bluestone. 
Maine owes its rank to tlie numerous granite quarries, and 
to the industry of lime production, for which purpose the 
entire output of limestone is employed. In Vermont the 
most important stone is marble, but slate is also quarried 
extensively, and in this industry Veiunont holds second 
place, while in the production of marble it has an output 
nearly twice as great as all the other states combined. The 
granite industiy, in which Massachusetts holds first rank, is 
the only important stone industry of the state, althougb 
small quantities of sandstone and limestone are also obtaijied. 
Missouri produces principally limestone and some granite, 
Illinois practically nothing but limestone, California siqqdies 
stone of several varieties for local and Pacific Coast con- 
sumers chiefly, and Connecticut is a producer of granite 
and sandstone. Indiana leads in the production of lime- 
stone, and this makes the greater part of its stone output ; 
Colorado produces principally sandstone ; Wisconsin cliicfly 
limestone; New Jersey, sandstone, slate, granite, and lime- 
stone ; and Minnesota, limestone and sandstone. 

It will be noticed that the metamorjilnc rocks, slates, and 
marbles, and the granites, occur almost exclusively in the 
belt of metamorphic rocks extending from Canada to 
Georgia and in the area of metamoi-phics about Lake Supe- 
lior. Other metamorphic areas, particularly in the Cordil- 
leras, contain stores of these stones, but they will not be 
extensively quairied, except for local purposes, for the reason 
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that they cannot compete with the eastern stone found near 
the market. 

The sedimentary rocks, limestones, bluestones, and sand- 
stones, are obtained princij)ally from the^ Central States, 
where the strata are all of Palaeozoic age and nearly hor- 
izontal. Being horizontal, they are not too much altered 
or broken, and yet, on account of their great age, they are 
sufficiently cemented and indurated for building purposes. 
Not a small percentage of tliese stones comes from tlie 
strata of the same age, which are folded into the Appa- 
lachians; and by far the greater part of the Cordilleras 
are made up of similar sedimentary rocks, which, for the 
same reason that applies to the inetamorphic and igneous 
building-st^nCo, not of value except for local pnr 2 )Oses. 

There is no need of importing any kind of building-stone, 
and, if called upon, we could quarry enough of nearly 
all kinds of stone to sui)ply the needs of the woild. No 
other nation has an out]:)Ut of building-stone so varied and 
so great as that of the United States, and no other nation 
has such immense stores wliich are of good quality, but of 
no immediate value because of the absence of a marked. As 
has been said above, a building-stone to be of value - this 
country must be either of exceptional quality or accessible 
to a good market. 

The following table shows the output of all kinds of stone 
from the fifteen most important states, each of which pro- 
duces over rf 1,000,000 worth a year. In 1880 the prodn^^tion 
of these states was within $10,000,000 of the total for the 
country. 
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PRODUCTION OF STONE IN THE UNITED STATES, 1889. 


Pennsylvania 

$7,319,199 

Ohio 

4,661,690 

New York 

4,418,143 

Maine . . 

3,908,838 

Vermont . 

3,789,709 

Massachusetts 

3,307,678 

Missouri ... 

2,616,169 

Illinois 

2,208,603 

California 

2,126,616 

Connecticut 

2,112,960 

Indiana 

1,933,319 

Coloiado . 

1,670,862 

Wisconsin 

1,264,016 

New Jersey . 

1,172,119 

Minnesota . 

1,102,008 

Total for the United States . . . 

$63,035,620 


BUILDING-STONE .PRODUCTION OF THE UNITED STATES. 


KI^us. 

1880. 

1889. 

1 1891. 

Limestone . ... 

$6,850,681 

81!»,0!)5,179 

$15,762,000 

Granite . 

6,188,998 

14,464,095 

13,867, OUt 

Sandstone 

4,780,391 

10,810,057 

8,700,000 

Slate . . 

1,629,985 

3,482,613 

3,826,746 

Marble . 

2,033,696 

3,488,170 

3,610,000 

Bluestone 

. .. 

1,689,606 

.... 

Total buildins •atones and lime 

$18, .356, 055 

$53,0.36,620 

#17,294,740 
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Natural and Artificial Cements} 

By mixing burned limestone or lime with sand and water, 
a plaster is produced, which, upon drying, hardens to form 
a cement, the ordinary material used for plaster ; and the 
importance of this industry may be inferred from tlie fact 
that, in 1892, 70,000,000 barrels (200 lbs. each), valued at 
{^38,500,000, were produced in this country. Cements which 
have the power of setting and hardening under water are 
eommonly called hydraulic and Portland cements. These are 
either a natural or artificial mixture of carbonate of lyne and 
clay heated to a high temperature and then ground to a powder. 

Argillaceous limestones sometimes contain the })roper pro- 
portion of cl^'v and carbonate of lime for the formation of 
hydraulic cement; but more commonly the per cent of these 
materials is not exactly correct, and then either a poor cement 
or a valueless product results. Properly speaking, hydraulic 
cement is made from natural hydraulic limestones, burned at 
a moderate temperature, while Portland cement is made 
from a mixture of chedk, or marl, and clay burned at a high 
heat. In this country hj draulic cement is made chiefly in 
New York state, from a shaly limestone, which occurs . ■ the 
top of the Salina group, and extends through several cou lies. 
The industry is principally concentrated in Ulster County. 

- * Portland cement, which sets more slowly, but produces 
a much harder and stronger cement, is manufactured in 
England, Germany, and France on a very large scale; but 

^ This industry depends so largely upon the method of manufacture, that 
little is necessaiy here, excepting to point out the source of the materials 
used. Valuable accounts of the cement industry will be found in The 
Mineral Besourcea of the United States, Day (U. Geol. Survey), ISO"! , 
pp. 520-538, and in Kothwell’s Mineral Industry^ ISi-, pp. 49-66. 
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in this country very little is produced, although calcareous 
mails and chalks suitable for its manufacture aie found in 
numerous places, and the industiy promises to grow rapidly. 
Great caie is needed in obtaining the pioper propoition of 
clay and caibonate of lime, and also in mixing these together. 

The following analyses will give an idea of the chemical 
character of the cement-rocks and cement : — 

ANALY IS OF HYDRAULIC CEMENT ROCK, ROSENDALE, 
ULSIER COLNTY, NEW YORK 


Caibonate uf li'iie 45 91 

Caibonate of inagncMa . 20 14 

Silica and iiisoliibk 15 07 

Sesquiovide of non, .ind alumina 11 .18 

Water and undetci mined compounds 1 20 


There is, how^e^er, great vai lability in composition, but 
the above is a fan aveiage analysis. 

ANALYSES OF PORTLAND CEMENT MIXTURES 
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73 

15 
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60 
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Organic and undeterinln*«d, 

1 21 

2 40 


2 86 

OS 


Total 

100 00 

100 00 

100 OG 

1 100 14 

100 00 

100 16 
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There is, therefore, a marked variability in the kind and 
composition of the rock used in the manufacture of these 
artificial cements. A greater uniformity is obtained in the 
products, but even here there is some variety. 


ANALYSES OF NATUllAL AND PORTLAND CEMENTS. 



Hydraulic. 

Portland. 

Tlosondale, 
Ulster Co.,i 

N.y. 

Akron, 

N.y. 

Coplay, 

1 Pa. 

( )nondaga 
Co., 

N.Y. 

Silica 

22.75 

20.(M 

20.04 

22.10 

Aluuiiria / 



0.93 

0.84 


1(>.70 

G.42 



Ses(j[uioxido of ii.j . S 



5.41 

2.10 

Li mo 

117.00 

54.77 

62.79 

63.00 

Magnesia 

10.05 

I 

9.17 

1.72 

.97 

Alkalies 

1 

1 

.27 

4.00 

Carbonic acid 

5.00 


1 .09 

.90 

Undetcrniiiied 

1.30 

i 

1.14 

.00 


PRODUCTION OF CEMENT IN THE UNITED STATES. 



i 

Hydraulic. j 

i 

Portland. 

ToxAL 


Barrels. 

Value. ' 

1 

Barrels. 

Value. 

Value. 

1882 .... 

3,105,000 

$3,481,500 

' 85,000 

1 

$191,250 

$3,672,750 

1885 .... 

4,000,000 

3,200,000 j 

150,000 

292,500 

3,492,500 

1892 .... 

8,132,693 

5,549,103 1 

! 

525,300 

1,036,935 

6,580,098 


In 1891 the total value of the hydraulic cement output was 
$5,613,522, of which New York produced |c,046,279, Indiana- 
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Kentucky 1983,456, and Pennsylvania $536,600. Of the 
total of $1,067,429 worth of Portland cement produced 
in this country in 1891, Pennsylvania supplied $532,850, 
and New York $290,250. Our imports of cement in 1892 
amounted to $3,378,824, this being principally Portland 
cement. 



CHAPTER XVII. 


SOILS, CLAYS, FERTILIZERS, ARTESIAN WELLS, AND 
MINERAL WATERS. 

The subject of soils cannot be treated here in more than 
a very general and cursory manner, and the chemical con- 
sideration must be entirely omitted. In general, soils may 
be classified into two groups, — indigenous and transported. 
The first group includes those which have been formed 
approximately at the point where they rest, the second those 
which have been borne from some outside source. Of these 
there are several kinds. 

Residual soils may be classed as indigenous, and they 
result from the decay and disintegration of the rock which 
underlies them. A rock, even the hardest and most dura- 
ble, is susceptible to changes in structure or even in i*r fin- 
ical composition under the ordinary inlluenccs of weat-ier. 
The building of sandstone, limestone, or granite shows 
the effect of weathering by a cruinl)ling whicli results from 
long-continued exposure. Tlie rain dissolves soluble por- 
tions and forms crevices into which water may enter, and 
this, if frozen, prys open the crevices and aids in the disin- 
tegration. Sudden changes of temperature from warm to 

^ Professor N. S. IShaler has prejmretl an admirable 'treatise upon soils, 
which is published in the Twelfth Annual Report of . i U. S. Geol. Survey, 
pp. 213-345. 
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cold, or from cold to warm, cause contraction or expansion, 
which aids tlic fragments in breaking. Lichens clinging to 
the wall send root-like threads into the crevices, and these, 
upon the growth of the plant, tend to wedge fragments from 
the rocks. 

It is exactly this process which causes the formation of 
residual soils. Tlie rock disintegrates, percolating water 
permeate the ^suiting material, and, dissolving the soluble 
minerals, carries them away in solution. The work which 
lichens at first did on a small scale, is continued on a larger 
scale by the prying action of the roots of larger plants and 
trees. The ants, the rodents, the earthworms, and the many 
creatures which live in the soil aid in the work. As a result 
of these various agents, rock crumbles and tends to become 
ever finer in texture, while at the same time the soluble salts 
are removed. There is a tendency, therefore, to concentrate 
the insoluble particles and thus form a residue, — the normal 
residual soil. 

By the decay of rocks, the soil at first maintains certain 
characteristics of the parent rock, and a limestone soil there- 
fore differs from a granite soil. In other words, certain of 
the soluble salts are not removed, and these give to the 
resulting product a character indicative of its origin. Ulti- 
mately, however, all of the soluble salts would be removed, 
and the resulting soil would not vary essentially from one 
rock to another. It would be composed of the nearly insol- 
uble silica, kaolin, and other similar products, whether the 
source were lirAestone or granite. 

In the rocks — in granite, for instance — there are minerals 
which by th^fir decay form salts of potassium, sodium, cal- 
cium, etc., which are valuable as plant food, and it is these 
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which the plants absorb from the soil. On the other hand, 
there are contained iji many rocks organic remains, either 
animal or plant, — as, for instance, the organic contributions 
forming limestone, — and these are especially rich in plant 
food. Indeed, during the formation of a soil, organisms, par- 
ticularly plants, at their deaih, enrich the soil which has 
supported them, by returning to it a portion of that which 
they have extracted from the air and the soi^ The decaying 
vegetation forms a loam, particularly in swampy places, 
where it is protected from decay and entire dissipation, and 
the influence of this is felt to a distance of several feet 
below 4;he surface. 

At times the conditions favour the formation of an organic 
soil. This is ^,.ivM(‘iilarly noticeable in swampy regions, 
where vegetable growth is rapid and decay slow. Deep 
loams and peat bogs result, and these, when propei ly drained, 
make valuable soils. 

In the ocean, material is deposited sometimes in the form 
of organic remains, sometimes as inorganic sediments. 
When these are raised above the sea, they may be in one of 
two conditions, — either consolidated or loose and unconsoli- 
dated. If the formej', they must l)e disiiitegjatcd ‘fore 
forming soils ; but if in tlie latter condition, they are 
suited to the growth of plant life as soon as drained. It 
becomes a question wlicther the latter are to he considered 
indigenous or transported soils ; but, since there is every 
gradation from these to the typical transported soil, and, on 
the other hand, between the unconsolidated and consolidated 
rocks, they may be considered to be intermediate in position. 
Material is prepared upon the laud by disintegration, and 
transported seawards, where it is assorted and deposited ; 
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and upon the elevation of that part of the sea-bottoxn it 
may again begin the cycle. 

Instances of such soils are found in the coastal plains 
extending from New Jersey to the Rio Grande, but most 
of these ai*e still too swampy to be of use to man. Of 
the organic indigenous soils, the swamp lands of Florida, 
the Dismal Swamp, and the innumerable morasses and bogs 
of the no thea|j|prn states are illustrations. A residual soil 
covers the greater part of the area of the United States 
south of the glacial belt, and throughout this area the char- 
acter of the soil is distinctly influenced by the underlying 
rocks. This soil varies in thickness up to many feet, and in 
some tropical regions, such as Brazil, this residual soil has a 
thickness of several scores of feet. 

Excepting on a plain, it is not strictly accurate to speak of 
an indigenous soil. Upon hillsides the action of gravity 
tends to cause the soil to creep slowly down toward the 
valley, and even upon moderate slopes this creeping action 
is noticeable. In arid lands the peculiarities of the climate 
make this more noticeable. Heavy rainfalls occur at rare 
intervals, and the tendency is to cause a wash of the disinte- 
grated materials from the base of the mountains out upon 
the idateau. Gravel slopes are thus formed, as the result of 
the action of gravity, aided by the wash of the heavy rains. 

From these types of jjartly moved soils, there is every gra- 
dation to the talus soil which forms at the base of a cliff by 
the constant dropping and subsequent disintegration of rock 

fragments. Eventually the talus is built up to a point where 

• 

its slope meets the top of the cliff, or a point where the talus 
slope is continued in the hill. In other words, the hill wears 
back by weathering ; and this weathered slope and the talus 
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slope become continuous. If, however, a stream flows at the 
base of the cliff, and removes the talus, the above condition 
may for a long time be delayed. The talus soil resembles 
the indigenous soil in the fact that it has a character resem- 
bling that of the rock of the cliff, and that it is derived by 
disintegration. But, on the otlier hand, it has been removed 
for some distance, and is very liable to be a commingled 
product derived from the several kinds of jj^^s which form 
the cliff. These soils are very common in the Cordilleras 
at isolated points. 

In their passage to the sea, streams take such fragments 
as they find within their grasp, and transport them down 
stream, always tending to divide them into smaller frag- 
ments. In tiKj 'joursc of their develoi)ment, streams build 
flood plains, and often terraces and deltas, by reason of cer- 
tain causes which cannot be explained here. These, which 
are usually excellent soils, arc generally fine-grained in tex- 
ture, and are composed of materials from all parts of the 
drainage area above the point of deposit. The Mississippi 
valley furnishes the best illustration of this class of soils, but 
in a minor way all the smaller rivers are likewise flood- 
plained. Akin to these soils are the sea-bottom sedin nts 
which are raised above the sea, and the lake-bottom deposits 
which result from the filling and drainage of lacustrine oodies. 

Another group of transported soils, although of very little 
importance, is that of aerial or ieolian soils. Even in moist 
climates, there are times when the dus^ Mows about, and this 
aids, not only in transportation, but also in the disintegration 
of rock fragments. In the arid lands this blowing about 
of sand and dust becomes of much more importance, and all 
the soils there are in a measure transported by this means. 
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Locally, in these regions, where the conditions are favourable, 
and also along lake and sea sliores, blown sands form extensive 
tracts of sand-dunes which are typical aeolian soils, usually 
barren of vegetation, not alone because of the fact of their 
constant movement, but also because they are actually barren 
of plant food. Usually quartz and sand grains predominate, 
and these form a ];)orous deposit, through which the water 
passes frt«-ly |||^iout causing a decay of the minerals and 
the formation of plant food. Only hardy and sand-loving 
plants are able to obtain a footing there ; but if these succeed 
in growing in sufficient abundance to prevent the movement 
of the sand, they soon bring about the disintegration of the 
grains and the formation of a soil cai)able of sustaining other 
forms of vegetation, 

A final important group is that of glacially formed soils. 
In certain mountains snow accumulates, and, moving down 
the valleys, forms a glacier which ploughs against the 
valley bottom and sides, rasping and grinding off fragments 
as it moves, and transporting these to its terminus, together 
with the fragments which fall upon it from the overhanging 
cliffs. Thus, at any given time, there is beneath a glacier 
a deposit consisting of large boulders and finer fragments, 
even fine-grained clay, all mixed intimately. If the glacier 
should disappear, the valley bottom would be covered with 
this material, forming a glacially transported soil. At the 
terminus of the glacier, moraines are formed of the material 
brought by the ice, and left when it was able to move no 
farther. From beneath the ice, streams issue ; and these 
, assort the materials, leaving the large boulders behind, car- 
rying the fine clay some distance from the glacier, and 
depositing sand plains and terraces between these two points. 
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Almost exactly this same condition has been experienced 
by the northern sections of this country, north of a line ex- 
tending approximj-tely from Nantucket, through Long Island, 
central New Jersey, northwestern Pennsylvania, Cincinnati, 
Ohio, Wisconsin, and tlience northwestward to Dakota. 
Nearly all of this region was beneath an ice-sheet resembling 
that of Greenland. Any soil whicli may have existed before 
the oncoming of the glacial period was sv||||)t away ; and 
when finally the ice incited, the surface was littered with a 
glacially transported soil, in some places morainal, in some 
the general sheet of unstratified till or ground moraine, and 
elsewhere with sand plains and terraces. 

In a limestone region the soil contains not only fragments 
of this material, out of many rocks derived from more north- 
ern regions. Wliei'C the motion of the ice was for a long 
distance over a limestone belt, as in some of the north and 
south valleys of New England and N(‘w J'U’se}, the influ- 
ence of the limestone is markedly noticeable in the soil. 
But it is not uncommon to find, over a given stratum, a soil 
almost free from this material. 

In places the deposit is thick, again it is thin, "id, 
over large areas, no glacial soil was left. The time s. .ce 
the close of the glacial epoch is so short that in such 
places residual soils have not been buaned, and the bare 
rock outcrops. Wliere the eountiy rock is hard, well jointed, 
and not easily disintegrated, as in the granite and gneiss 
regions of New England, the propoition of bouldeis in 
the soil is very great, and agriculture is carried on with 
difficulty. Thus there is a marked difference in the charac- 
*ter of the soil north and soutli of the term’ al moraine. 

In soils of all these characters plants of various kinds 
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grow. Some arc well adapted to nearly all varieties of 
plants, others support only certain kinds. In a state of 
nature the plants rob the soil of certain elements, but they 
return to it not only a part of that which they extracted, 
but also some of the cai'bon which they have absorbed from 
the air. Moreover, tliey furnish a vegetable coating, which 
protects the soil from being washed away, and furnishes 
water pei '.ola^g through it with certain acids which dis- 
integrate the particles of rock. It also delays the passage 
of this percolating water so that it does not sink readily 
into the soil and wash away the plant food. 

Man has come into the field with his modern methods 
and implements, and has begun to rob the soil of its natural 
stores of plant food. Extravagant and even foolish methods 
have been introduced, and, in this country in particular, 
thoroughly prodigal methods have been adopted. Tlie 
abundance of land, its virgin rieliness, and the fact that 
we have not had centuries of experience in tillage, have 
tended to make us tliouglitlcss of our duty to the soil 
and our descendafUts. The Avealth of the nation is largely 
dependent upon the tillage of the soil, and methods which 
will ultimately prove disastrous sliould be avoided. Already 
in the older settled districts the soil is impoverished, and 
the time is not far distant when our western farm lands 
will need to be treated scientifically or be abandoned. At 
present the average farmer is taking from the soil all it 
will yield and returning nothing to it. Moreover, he is 
interfering with the natural formation of plant food by 
the removal of the loam, and by rendering the soil porous 
by ploughing so that water passes through it as it does 
through a sand-dune. He should return that part of the 
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vegetation whicli he does not use, and indeed he must do 
more. The peat beds, swamp loam, manure, marls, guanos, 
and phosphates must be more commonly used. 

Clays} 

An almost infinite variety of clay occurs in this country, 
and its abundance is so great that for ordinaiy i)urposes 
it is readily accessible. There are numerous ways in which 
it is derived, the most common being as a result of rock 
decay. Beds of clay are found throughout the sedimentary 
strata, either still incadierent, oj* consolidated, and sometimes 
even transformed to slate. These arc chielly formed as 
sediments, the deposit'on of the fine-grained products 
of rock decay. Oidiniuily these are too impure for any 
but tlie roughest uses, and some of them cannot be used 
at all. For some purposes, such as the manufacture of 
white pottery, pure kaolin is needed, but for tiling and 
bricks, impure clays may be used. 

The first stage in tlie formation of much of the clay 
is the decomposition of the rock, a process which is e^^ery- 
where in progress. The mineral which is of most in )r- 
tance in the production of the finer grades of clay is 
feldspar, which, by its decay, loses tlie sodium, jiotassium, 
and other soluble salts, while, as an ultimate pioduct, kaolin, 
or hydrous silicate of alumina, lemains. Such clays in 
place are very rare, for they arc usually mixed with impuri- 
ties of one kind and another; but in many cases, for the 
better class of porcelain and other ware, rocks which are 

^ The subject of clays is admirably treated by Proi .or R. T. Hill in the 
Mineral liesources of the United States fur 1891, pp. 474-528. 
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disintegrating, and, in some cases, pure feldspar, are crushed 
and washed to remove the impurities. 

More commonly workable clays occur in beds where they 
have been deposited by sea or lake, in some cases in the 
form of nearly pure kaolin, but moie commonly as impure 
clays, varying greatly in composition, texture, and colour. 
From these, bricks, drain tiles, chiiiawarc, furnace linings, 
pottery, a irious utensils and ornamental pottery, etc., are 
manufac‘tured by the aid of heat and partial melting. 
Not a little clay is used for purposes of adulteration and 
as a filling for cheap giades of paper. 

For these several purposes different kinds are needed, 
and consequently different industries spring up in various 
localities. Clays known as fire-clays are suited to with- 
stand high temperatures by reason of the absence of 
alkaline material. These are particularly abundant in 
the Carboniferous rocks associated with coal beds, the 
plants having been instrumental in the witlidrawal of 
the alkalies. Biick clays must be made of a natural or arti- 
ficial mixture of ^and and clay. When a red colour is 
needed, iron salts must also be present. Certain alkalies 
are also needful to aid in the partial fusion of the clay 
when heated. 

Some brick clays are the result of residual decay; some 
are worked-over products of disintegr.ition deposited in 
water, and in this country a large proportion of tliese clays 
are directly or indirectly the result of glacial action. As 
the ice moved over the rocks, they were ground and rasped 
•until a rock flour was produced which was sometimes depos- 
ited in marginal lakes, or in the river-terrace plains near 
the ice front, and sometimes deposited directly from the 
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ice when it melted. The distribution of these clays in the 
glacial belt is very widespread, and every state and nearly 
every district has such clays for the manufacture of brick 
for local demands. Certain large centres which produce 
brick of an exceptional quality ship some of their output 
to a considerable distance; but most of the producers sup- 
ply only local markets. This is less true of the other clay 
industries, excepting those producing the coarsest products ; 
and very fine ornamental ware is sent from one country 
to another. 

Clays are of all ages from the Cambrian to the present, 
but in this country the most important are of Cretaceous, 
Tertiary, and Quaternary age. The brick clays are chiefly 
of Quaternary age, being either recently deposited in river 
valleys, or of glacial origin. Fire-clay occurs abundantly 
in the Carboniferous, and some in this country occur else- 
where in the Palmozoic. In addition to actual clays, flint, 
quartz, and feldspar arc ground iq) and used as clay. There 
are large quantities of these minerals, as well as of clay, 
which are not at present utilized. 

Notwithstanding the great importance of the indus^. y of 
brick production, there are no statistics available. In 91 
the value of the potter’s materials, including kaolin, fire- 
clay, ground flint, and feldspar, was over 000,000. New 
Jersey is the most important state in this respect, but many 
others have valuable })ottery industries. Probably the brick 
industry is many times more valuable than that of the man- 
ufacture of pottery. 

The industry of feldspar production for grinding and 
* mixing with clay and for a glaze is c'^ntred in Maine, 
Connecticut, New York, and Pennsylvania. The annual 
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product varies from 8000 to 15,000 long tons, valued at 
about $5 a ton, and this comes from coarse granitic or peg- 
matite veins. Flint occuis in bands and nodules of con- 
cretionary origin in limestones and chalk. It is an impure 
form of silica, and is used extensively in the manufacture 
of pottery. There are vast quantities in the west and 
southwest which are not at present utilized. In 1891, 
15,000 long tons, valued at $60,000, were produced in the 
United States. 


Fertilizers, 

General Statement. — Various substances are used for the 
purpose of returning to the soil the elements needed in plant 
giowth, thereby eni idling impoverished soils. Manure and 
other waste products of oiganic oiigin are commonly used 
for this purpose, and theie are extensive establishments for 
the manufactuie of aitificial guano from the remnants of 
fish and other animals, obtained during the process of prep- 
aration for the maiket. Vegetable products are also made 
to give up their .plant food to the soil. Sometimes the 
plants which liavc grown upon the field are allowed to 
decay there, and at times loam and peat are added to the 
soil. These products do not come within the scope of this 
work, and none of them, with the exception of artificial 
guano, are of more than local impoitance. There arc, 
however, several classes of impoitant economic products 
which are of use for returning to the soil needful sub- 
stances which have been extiacted by plants. These are 
diraestone, marl, gypsum, and the vaiious phosphates. 

Limestone and Marl. — It is a well-recognized fact that 
limestone soils are lich in plant food, and consequently the 
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addition of this rock to a poor soil is of value. This is 
due partly to the presence of the carbonate of lime, and 
partly to other substances of organic origin furnished the 
limestone by the animals which formed it. For the pur- 
pose of a fertilizer, limestone is burned to form lime, and 
then spread upon tlie soil. A portion of tlic lime i)roduct 
mentioned in the preceding chapter is used for this jmr- 
pose, while many farmers burn limestone for their own or 
for local use in regions where it can l)e easily obtained. 
There are no statistics for the production of lime for fertil- 
izing purposes. 

Marl is a calcareous clay, owing its calcareous nature to 
the presence of numerous shells of mollusea,. lleing a soft 
clay, it is easuy obtained ; and before the introduction of 
cheap phosphatic fertilizers, it was extensively us(‘-d for fer- 
tilizing purposes, particularly in New Jersey, wlieie it is found 
most abundantly. This substance occurs locally in many 
places, in the bottom of swamps, and it should be of more local 
importance than it is. In the coastal plains of Cretaceous 
and Tertiary age there are extensive deposits of marl and 
greensand; and since these are at present used only foj- local 
purposes, statistics of their production are diflicult to c’ ain. 
During the census year 1880 the value of the marl product 
was approximately ^^500,000, and in 1801 only §G7,b00, this 
representing 136,000 tons of marl. This calcareous clay is 
also of value in the manufacture of Portland cement. 

Oypsum. — This mineral, the sulphate of lime, is used for 
two purposes principally, — one as ‘■"land plaster” for a 
fertilizer, the other, and the most important, calcined, to 
form plaster of Paris. Gypsum occurs in all rocks, in 
minute quantities ; but in many sedimentary strata, it is suffi- 
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ciently abundant to give to water percolating through them 
a certain peculiarity known as “hardness.” The water of 
nearly all rivers and lakes, and of all oceans, carries it in 
solution; and when lakes fail to overfloAV, and are trans- 
formed to dead seas, this mineral becomes concentrated, and 
may finally be precipitated in beds. Much of the supply 
obtained in this country is associated with salt, and has prob- 
ably originated in this way. In the Cordilleras there arc 
large areas of gypsum, cjilled white sands, in the dried-up 
beds of extinct lakes ; but this is at present of no value 
except for local purposes. 

There is still another way in which this mineral may be 
formed in the rocks, and some believe that many of the gyp- 
sum beds are of this origin. This is by the alteration of 
beds of limestone, through which sulphurous waters are per- 
colating. It is doubtful how far this can be extended to 
account for the commercial deposits of gyi)sum, but some of 
this mineral is undoubtedly formed in that way. Sulphurous 
waters are not uncommon, the sulphur being furnished by 
decaying organic remains or by iron pyrites; and these, 
coming in contact with limestone beds, may very readily 
alter them to the sulphate of lime. 

The association of gypsum with salt, however, indicates 
that much of it is the result of precipitation from salt 
lakes; and for the western deposits tliis is unquestionably 
the true explanation. In different parts of tlie world, 
different ages have had prevailing conditions of aridity, 
attended by the formation of dead seas ; but in this coun- 
try the Permian, Tertiary, and Quaternary have been the 
most important periods in which arid conditions have pre- 
vailed. This applies to the western part of the country ; and 
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there is some reason to believe that, during the Palaeozoic, 
there were periods of aridity in the east. 


PRODUCTION OF GYPSUM IN THE UNITED STATES, 1891. 


States. 

Calcined 

FOR 

Plaster. 

Fertil- 

izer. 

Sold 

Crude. 

Total 
Product. 
Shout Tons 
(2000 Lbs.). 

Total 

Value. 

Michigan 

$173,176 

$28,550 

$22,000 

79,700 

$223,725 

Kansas 

169,832 

210 

1,280 

40,217 

101,322 

New York .... 

.... 

53,513 

6,058 

30,136 

58,571 

Iowa 

53,250 

4,845 


31,e385 

58,095 

Virginia 

.... 

22,222 

352 

5,059 

22,574 

South Dakota . . 

4,938 

4,080 

.... 

3,015 

9,618 

California, Ohio, Utah, \ 
and Wyoming . . j 

1 90,810 

3,336 


17,115 

94,146 

Total 

$482,005 

1 $117,350 

' $‘28,(i!»0 

208,120 

$028,051 


GYPSUM PRODUCTION OF THE UNITED STATES. 

1880 $400,000 

1885 405,000 

1890 428,026 

1892 6'i 5,000 

In 1891 we imported 1226,319 worth of gypsum. 

Phosphatic Fertilizers,^ — Mineral Phosphate. 1 he phosphatic 
fertilizers may be divided into mineral phosphates, of which 
apatite is the only repi eseiitative, and ro<^*k phospliates which 
consist of g\uino, bone beds, and phosphatic nodules. Mineral 
phosphate, or apatite, the phosphate of lime, occurs in nearly 

1 A valuable treatise on The Nature and Origin Phosphate of Lime, 
by R, A. F. Penrose, Jr., forms Bull. 40, U. S. Geol. Survey. 
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all eruptive and metanioTpiiic rocks, generally in small 
grains and crystals, and in such small quantities that it 
does not sensibly incrcfise the value of the enclosing rock 
as a soil-producer. In some locks, principally in the meta- 
inorphic limestones associated with the Archean, apatite is 
often more abundant, and seems here to be the result of 
segregation into cryhtal form of the phosphatic substances 
oiiginally lisscminated through the limestone in the form of 
organic remains. The bones of vertebrates, the flesh of many 
animals, and, in some cases, the tests or shells of animals, par- 
ticularly certain Crustacea, contain some phosphate of lime ; 
and as a result of tliis, certain limestones are sufliciently 
pliosphatic to make high-grade soils. But there is no reason 
for believing that the apatite which occurs in igneous and 
metamorphic rocks is of organic origin ; but, on the contrary, 
this is probabl}" the or'Kjimd source of tire organic phosphatic 
materials extracted by the inter\ention of organisms. 

Apatite is not mined in this country ; but in Canada large 
quantities of it occur in ^eins in the Laurentian limestones 
and gneisses, near -OttaAv a, Perth, and Kingston. Here it is 
mined, separated by liand, and eiushed, chiefly by the farmers 
who own the land and by small companies. A great decline 
in this industry has been caused by the competition of the 
South Carolina and Floi-ida pliospliates. 

Guano . — This is the excrement of birds, such as divers 
and penguins, which resort in great number’s to some of the 
islands off tlie west coast of South America. It is found 
elsewhere, but the climatic conditions have not favoured its 
’ accumulation uito extensive deposits. In 1804 Humboldt first 
called attention to the deposits of guano on the Chincha 
Islands, off the coast of Peru; and from 1842 to 1873, when 
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they were exhausted, nearly 14,000,000 tons, valued at from 
$45 to $70 a ton, were exported from there. Since then 
other islands have been producing guano; and altliough the 
older deposits are approaching exhaustion, the p]-ovince of 
Tarapaca and the off-lyijig islands are still exporting this 
substance. In 1879 Chili seized these deposits, and still 
controls them. Chili exported, in 1890, 41,323 metric tons 
of guano, valued at $1,237,003; but the time is not far distant 
when these islands will cease to produce guano. Smaller quan- 
tities are obtained in the Argentine Kepu])lic and Uruguay. 

Jiock Phosphates, — In this country the most important 
fertilizer is the rock phos[)hale, which exists in the form of 
bone beds and phospliatic nodules of concretionary origin, 
usually occurring together; and tlie recent discoveries of 
these substances have given to this country the leading rank 
in the production of natural fertilizers. Soutli Carolina and 
Florida arc the important phosphate-producing states, but 
deposits also exist in Xoith Carolina, Alabama, and other 
southern coastal states. These deposits consist of a white 
phosphati(^ limestone or a limy marl-like clay containing layers 
and nodules of more pure ])hosphate of lime and borc‘- and 
teeth of mastodons, sharks, and oilier land and marine anc i ils. 

The South Carolina deposits were recognized in 1797 ; 
but it was not until 1807 that tladr true value was known, 
and since then the production of jdiosphates in this state 
has rapidly inci’eascMl. Tliore are two methods of mining 
these deposits : one dredging in the river beds, the other 
removing the ‘‘land rock” by means of open trenches. 
The phosphate is tlien crushed, washed, dried in kilns, and 
finally converted into siiperphosjihates. Beaufort is the 
principal localitj^ and liere, as well as elsewhere, there is a 
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wide variation in the chara^r, composition, and distribution 
of the phosphates ; but they are all distinctly bedded with 
the other strata of Tertiary age. 

The following table shows the increase in output of phos- 
2 )hate rock in South Carolina, a marked decrease being 
noticed since 1889, when the Florida jdiosiAates became of 
importance. In 1890, 212,102 tons were obtained from the 
rivers by di edging, and the balance of the 537,149 tons from 
the land rock. 

PRODUCTION OF PHOSPHATE ROCK IN SOUTH CAROLINA. 

Long Tons (2240 Lbs.). 


1867 0 

1808 12,262 

1870 65,241 

1875 122,700 

1880 190,763 

1885 305,403 

1880 548,585 

1890 537,149 

1891 475,506 

1892 350,000 


Deposits of phosphate of lime were discovered in Florida 
in 1883, but not until 1888 were they known to exist in 
large quantities. In this year a fossil tooth was found in a 
white subsoil, and the latter upon analysis was found to be 
an important phosphate rock. Great excitement and active 
exploration followed, and extensive developments have been 
made which prove that this area is the largest and most im- 
portant phosphate region in the country. The phosphate is 
in the form of (1) layers and nodules, called respectively 
‘‘hard rock” and “land pebble”; (2) less pure phosphatic 
limestone, filling the spaces between the nodules and layers, 
called “soft rock”; (3) vertebrate fossils; and (4) “river 
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pebbles,” which are derived from the land deposits washed 
down and accumulated by the streams. The following tabie 
shows the remarkably rapid development of the phosj)hate 
production of Florida : — 


rilOSPlIATE PRODUCTION OF FLORIDA. 


Year. 

PUOIU'CT. 

LoNt; (2240 Lets.). 

Value. 

1888 .... 

;i,ooo 

.ii;25,ooo 

1889 .... 

4,100 

32,800 

1890 .... 

40,501 

338,190 

1891 .... 

..... 112,482 

703,013 

1892 .... 

202,382 


Tlie following table of analyses shows the composition of 

these phosphates : — 

ANALYSES OF 

SOUTH CAROLINA AND : 

FLORIDA 

Phosphoric acid (P/).,) 

PHOSPHATE ROCK. 

Luuavili k, 
Fi.okida. 

33.91 

South Cabolina. 

26.0 to 29.0 

Lime (CaO) .... 

47.02 

35.0 to 42.0 

Alumina (AL^Og) . . . 

2.37 

Traces to 2.0 

Ferric oxide (Fe-^Og) . 

1.40 

1.0 to 0 

Magnesia CMgO) . . 

0.39 

Traces to 2.0 

1 

Alkalies (Na.jO) . . . 

0.19 

i 

Sulphuric acid (SOj,) . 

0.30 

i 0.5 to 2.0 

Fluorine (FI) . . . . 

2.35 

1.0 to 2.0 

Chlorine (Cl) .... 

0.08 

— 

Silica (Si(\) .... 

0.10 

4.0 to 12.0 

Carbonic acid (CO.^) 

2.07 

2.6 to 6.0 

Insoluble matter . . . 

5.07 

2.0 to 6.01 

Moisture 

3.90 

0.5 to 4.0 


^ Organic matter and combined water. 
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The price of phosphate rock varies greatly according to 
the proportion of phospliate of lime, but in 1891 it averaged 
aboiit'$6.25 a ton. No doubt these deposits will in time be 
exhausted, but there are still immense stores in siglit and 
enough to last for long periods of time. France, Belgium, 
and some other countries, contain phosphate beds of similar 
character and origin. 

The orig.n of these deposits is from organic remains, as is 
indicated hy the presence of l>ones of vertebrates. For some 
reason both land aiid marine vertebrates resorted to the estu- 
aries and bays, and their remains became commingled. In 
Florida, at the time of formation of the pliosphate beds, there 
existed above the sea a series of small keys and islets bathed 
by the warm southern currents ; and in the straits between 
them marine life abounded, while upon the land, birds and 
mammals thrived. In the shallow coastal waters and on the 
shores, the l)oncs of these animals were accumulated. 

One may obtain a possible clue to the mode of accumula- 
tion of these remains by a study of the Big Bone Salt Lick 
of Kentucky to which mammals resorted for salt in large 
numbers, and, becoming mired or killed by carnivorous ani- 
mals, their bones have accumulated for ages. Great quanti- 
ties of bones of all kinds are gathered together in this great 
mammalian cemetery. Similar conditions may have existed in 
Florida and South Carolina, and this, added to the excrements 
of birds, may suffice to account foi these deposits. 

The recent (3893) disastrous liurricanes on the Gulf Coast 
furnish a suggestion concerning the possible accumulation of 
these land and marine vertebrates. Extensive floods have 
been produced on the low-lying islets of this coast by the 
high water accompanying these storms, and many hundred 
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lives have been lost in consequence. The similar typhoons 
of Asia have caused the destruction of hundreds of thou- 
sands of human lives. These waves, by stranding the larger 
marine vertebrates and at the same time drowning many 
of the land mammals, might readily have caused these 
phosphate beds. Being in the track of many of the West 
India hurricanes, these keys were favourably situated for 
these peculiar conditions; and, while tlie storms were fre- 
quent enough to cause much destruction, they were not 
frequent enough to completely devastate the region. At 
least, this is the case at present, since man himself inhabits 
the similar islets on the Gulf Coast. 

Secondary changes consisted in grinding the phosphatic 
material to cnd(*r th-. action of Ihe waves, and later 

the concretionary gathering together of the phosphate of 
lime into layers and nodules. Tlie ‘‘river pebbles” repre- 
sent a still later process of concentration by the action of 
river erosion. 

The following tables show apjnoximntely the production 
of phosphate of lime in the world and in the United States 
for a seric^s of years : - - - 


rRODUCTION OF FllOSFHATF OF LTMF IN THE WORLD, .800. 


Mlthic '1 


(2201 


Lhs.). 


ITiiittul St.'itcs .... . . «t>18,83o 

Boljiinin . . . . . 28^ 000^ 

Vcuczuclii . ... .... (i0,000 

Chili 2 41,:V2a« 

Canada • • 2r.,r)88 

Great Britain .... .... 18,205 

Peru 2 . . 17,0001 

Drup^uay2 ... 0,045^ 

Freni' h Guiana . 3,500 

1 Estimated. " tiuano. ® Exported. 
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PRODUCTION OF PHOSPHATE ROCK IN THE UNITED STATES. 


Metuic Tons (2204 Lijs.). 

1880 

1882 

1884 

1880 

1888 

1800 

!891 

1892 


214,229 

337,600 

438,830 

437,679 

456,892 

618,836 

697,589 

651,801 


The value of the output for 1892 was $2,361,219. 


Artesian Wells} 

It is usually possible in moist countries to obtain a water 
supply, sufficient for ordinary purposes, by means of wells 
of very shallow depths ; and it is not uncommon in such 
regions to find actual springs outcropping at the surface. 
These rise through joint planes, or along faults in some 
cases, but much more commonly they represent the escape of 
underground water at some favourably situated point on a 
hillside or at the base of a hill. The most common condi- 
tion is where a porous stratum is underlain by an impervious 
layer, such as clay. Water, passing through the porous 
layer, encounters the impervious stratum and flows over it 
in the direction of its dip, and if this stratum outcrops on a 
hillside, a spring is formed. The contact of a deep soil with 
impervious rock, or of any pervious and impervious layer, 

1 A very valuable and comprehensive treatise on artesian wells, prepared 

Professor R. T. Hill, is published by the Department of Agriculture under 
the title of The Occurrence of Artesian and Other Underground Waters in 
Texas, etc. A paper on artesian wells by Professor T. C. Chamberlain is 
also found in the Fifth Ann. Kept., U. S. Geol. Survey, pp. 126-173. 
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produces the same condition. So common is the association 
between clay strata and springs that such a stratum is usu- 
ally indicated at the surface by a line of springs where it 
outcrops. 

Springs arc usually superficial phenomena, and a series 
of droughts, or even a single drought, will frequently 
cause them to disappear, showing how shallow is their ori- 
gin. Tliere are, however, some which arc deep seated in 
origin, and these usually rise in permanent and extensive 
flow through fissures in the strata. Still another kind of 
large spring is the type whicli forms in limestone regions 
wliere much of the drainage is underground. In river 
valleys, and sometimes on plains, these underground streams 
reach the surface as exteii.^ive springs. 

Artesian wells are deep-seated springs artificialh^- formed, 
or, more exactl}^ deep-seated bodies of water tapped by 
artificial borings and rising to the surface under natural 
hydrostatic pressure. A spring which rises along a fault 
plane closely resembles an artesian well, with the exception 
that its escape to the surface is provided for by a naturally 
formed channel, — the fault jdane instead of an ariificial 
well. 

The depth of artesian wells varies from a few score to 
several thousand feet, and all dejieiid upon a few simple 
principles. Percolating water divides itself into two parts, 
one portion escaping, after a very short journey, in the form 
of springs or by general seepage, the v.tljer portion com.uenc- 
ing a long underground journey. The latter portion natu- 
rally seeks the easiest paths, and these are in the porous 
rocks. Moreover, under the influence of "^^ravity there is a 
tendency for the water to go deeper into the earth ; but, on 
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the other hand, as the depth increases, there is an increasing 
hydrostatic and rock pressure which tends to force the water 
to the surface. This is not sufficient to force it upwards 
through the rocks against gravity unless a channel is fur- 
nished. If the strata are fissured, tlie water passes to these 
fissures and escapes to tlie surface naturally; but if they are 
not, it becomes entombed. 

In the c «se of horizontal rocks water percolates through 
them, but its progress is retarded by the presence of imper- 
vious layers. The most favourable condition for the accu- 
mulation of water in the strata is in inclined layers, since 
here all of the strata outcrop at some point on tlie surface, 
and slope downward into the earth with a greater or less 
angle of dip. Where a porous stratum, such as sandstone, 
outcrops, the water that falls upon the area of outcrop 
readily soaks into the gimind, and much of it is able to 
begin an underground journey. Naturally, if the dip is 
slight, there is a greater area of outcrop) than in the case of 
a steeply inclined bed. Where the sandstone is overlain and 
underlain by an impervious stratum, such as clay or a clay 
rock, the water is prevented from escaping to the surface, as 
it tends to do under the action of the hydrostatic pressure, 
and also from passing through the underlying bed to lower 
layers. The sandstone, therefore, becomes a water-bearing 
stratum, and the water passes down the inclined plane 
between two impervious beds. 

When this stratum is pierced by a well, the water rises, 
theoreticall}^ to the level of the water column in the stratum 
XFig. 26) ; that is, nearly to the level of the outcrop of the 
stratum at the point of entrance of the water into the earth. 
In reality the water does not rise so high, because of the 
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interference of friction. If, tlicreforc, the outlet of the well 


is above the outcrop of the water-bearing stratum, the water 


rises only part way to the surface ; 
but, if the outlet is below this, tlie 
water may gush out as a fountain, 
and such wells, artesian wells, are 
usually permanent and have a strong 
flow. 

The slope of the stratum may be 
very gentle, in Avhich case it may be 
tapped for great distances from its 
outcrop without boring to (extreme 
depths ; or it may be steep, and then 
an artesian well (;an be obtained only 
near the outcrop, unless it is diiveii 
to a great depth, (lenevally speaking, 
therefore, steeply di])ping strata are 
not favoui-able to the constructioji of 
artesian wells. 

It not infrequently haj^pens that a 
series of strata, after having dip[)ed 
at a certain angle for some distance, 
become horizontal, and then rise to 
the surface with an opposite dip, 
forming a syncline ; and, if other 
conditions are favourable to the forma- 
tion of ai'tesian water-bearing strata, 
the centre of the syncline is a very 
promising place for an artesian well, 




since the hydrostatic pressure is mandained on two sides 


and the water supply comes from two outcrops, one on 
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either side of the syncliiie (Fig. 27). It is frequently 
stated that this is the iioiinal condition for the formation 
of artesian wells ; but such wells are much less common than 
those which are found in strata having a monoelinal atti- 
tude, or, in other words, a dip in only one direction. 

From the above it will be seen that artesian wells are 
purely geological phenomena, and that a knowledge of the 
geology o/ a country w'ill serve, not only to predict the 



Fig. 27. — Sfotion showiii" couditions under which artesian wells are found in a 
synclin.il tioiuh. .1, hci;;ht of viator level, poious sli.itmn, bounded 
above and below by iniperv‘ious strata, and all folded into a s^udinc, arte- 
sian wells. (xVUcr Cliambeilam.) 

possibility of finding such supplies of w’atcr, but also the 
depth at which it w'ill be found. 

Even in moist climates aitesian wells are frequently 
desired for a peimancut su[)ply of constantly flowing water; 
and, in regions of stratified locks, they can usually be 
obtained with a foi-ee suflicicnt to cause tlie w^ater to rise 
nearly, if not quite, to the suiface. Not infrequently they 
are mineral beaiiiig, and not suited for drinking puiposes, 
but supplies of jjuie water are often obtained. The above 
principles of artesian-well occurrence aie of value also in 
obtaining biiiie from salt-bearing strata, and, as has alieady 
been stated, the principles apply in part to tlie petroleum 
wells. 

It is, however, in arid regions that artesian water is of 
most importance in this country, and every year this is 
becoming more tiue of these regions. There are large 
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tracts which, in their present condition, are absolutely 
unfitted for human habitation, or even for occupation by 
cattle, because there is no drinking-water. One does not 
need to travel very extensively in the arid regions to find 
large tracts where the wild grass has not been touched by 
'the herds of cattle with wliich the more favourably situated 
parts of the region are overstocked. The rains come rarely, 
excepting in a small part of the summer season, and these 
either sink into the thirsty soil or flow away through chan- 
nels which are usually dry. 

The discovery of artesian water in such places opens up 
an otherwise inhospitable region to settlement. Even where 
cattle-raising is possible, agi*icultiire is out of the question, 
because ot the aridity and the absence of water for iiri- 
gation, the only supply being from scattered spiings, with 
a small flow, near the mountains. In the mountains a suffi- 
cient amount of i*ain falls for some ciops but the country is 
generally too rugged for cultivation, and the water, excepting 
from the larger ranges, does not escape l)eyond the margin 
of the mountainous tracts, being either eviiporij,tcd or soaked 
into the ground. Since the mountain-forming rock'- extend 
beneath the plains, artesian uater may be found even where 
the surface is very arid. Moreover, on the less arid plateaus 
sufficient water falls, at certain seasons, to cause under- 
ground water-bearing strata. When these have been found 
at no great depth, large tracts which were foimerly desert 
and uninhabited ai'e now dotted with small farms ij ligated 
with artesian water. One of the future possibilities of the 
arid regions consists in the discoveiy and development of 
artesian water-bearing belts, a work whi' h is already begun, 
but hardly more than begun. 
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Mr. F. 11. Newell^ states that in the census year there 
were 80U7 artesian wells in the western half of the country, 
3930 of which were used for purposes of irrigation. Cali- 
fornia had 3210; Utah, 2524; Colorado, 590; Texas, 634; 
and South Dakota, 527 such wells. The average area irri- 
gated per well was 13.21 acres, and in California and Colo- 
rado over 18 acres. The total number of acres thus irrigated 
was 51,896, of which 38,378 were in California. ' The total 
8097 wells represent an investment of about $1,988,461. 

Mineral Waters? 

A very important industry in this country is the utilization 
of waters which, having dissolved certain mineral constitu- 
ents from the rocks, issue from the earth either through 
natural channels, in the form of springs, or fjom artificially 
formed wells. These mineral waters possess some properties 
which render them of value for medicinal or otlier purposes. 
Peale, in the census report above referred to, classifies min- 
eral waters as thermal and non-thcrmal, the latter being cold, 
and the former either te])id, warm, or hot. The thermal 
springs are generally, though not always, found in regions 
of recent or present volcanic activity, and are often oiie of 
the indications of this activity, — in this country one of the 
indications of dying volcanic action. All waters issuing 
from the earth contain mineral in solution ; and it is this 
which gives to it medicinal qualities, chiefly that of a tonic. 
No such waters are more common than those containing 

• 1 Eleventh Cen.siis Bulletin, No. 193, Artesian Wells for Irrigation. 

2 A very valualile discusbioii and classification of the mineral waters in 
the United States, from which this summary is chiefly extracted, is found in 
the Eleventh Census lleport, on Mineral Industries, pp. 779-787. 
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iron ; but there are numerous other kinds of mineral waters, 
such as those which contain sulphur, in the form of sul- 
phuretted hydrogen, lithia, manganese, and many other sub- 
stances. Many mineral springs are not utilized, and some 
which are used are of little value. 

There are two classes of materials in mineral waters, 
gaseous ajid solid substances, although it frequently happens 
that both of these constituents are present in the same 
sj)ring. It is upon the basis of the solid constituents that 
Peale constructs his classification, omitting the temperature, 
since there is every gradation from hot to cold sjuings, 
and since there is no necessary difference between the con- 
stituents of the two. Each group may be represented by 
thermal and noii-thermal types, the term fhennal being 
applied to those Avhose tempeniture is above 70° Fahr. The 
gaseous constituent is used for minor sul)di visions. 

This classification of mineral waters cannot be given here 
in detail, but in general the scheme is as follows: (1) Alka- 
line springs, when they contain carbonates, “ whether of 
alkalies, alkaline earths, alkaline metals, or iron alone''; 
(2) alkaline saline spiings, those in which caihom.tps are 
mixed with sulphates or chlorides; (8) saline t ings ; 
(4) acid springs, which include the sour water containing 
alum, sulphuric acid, etc. There are nviny subdivisions 
based upon this general scheme. 

Some of these springs furnish Avater for bottling, while 
others arc used entirely at the point of issue. It is difficult 
to obtain exact information concerning the number and value 
of the mineral springs of the country, but the following table 
gives the approximate statistics. In 1^91 the list of com- 
mercial mineral springs in the country numbered 288. 
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PRODUCTION OP MINERAL WATERS IN THE UNITED 
STATES, 1891. 


States. 

Gallons. 

Value. 

New York 

2,779,472 

$796,047 

New Hampshire 

900,000 

602,000 

Virginia 

634,293 

215,392 

Wisconsin 

2,882,117 

184,133 

Michigan 

2,228,575 

149,773 

California 

.334,533 

135,969 

Colorado 

481,038 

133,222 

Massachusetts 

841,002 

115,591 

Total for the United States . . 

IS, 392, 732 

$2,996,259 


It will be noticed that there is no necessary relation be- 
tween the number of gallons produced and their value, since 
much depends upon the demand for particular classes of 
mineral water. 


MINERAL-WATER PRODUCTION OF THE UNITED STATES. 


Year. Gallons. Value. 

1880 2,000,000 ^500,000 

1885 9,148,401 1,312,845 

1891 18,392,732 2,990,259 


The industry is thus a rapidly growing one. Our imports 
of natural mineral waters, in 1891, were 2,019,833 gallons, 
valued at f 392,894. 



CHAPTER XViri. 


PRECIOUS STONES, ABRASIVE MATERIALS, SALT, MISCELLA- 
NEOUS MINERALS, AND GENERAL SUMMARY OF MINERAL 

PRODUCTION. 

- PreciouH Stones.^ 

The production of precious stones in this country has 
never attained especial jironiinence, althougli nearly all gems 
have been occasionally found. Turquoise and pearls arc the 
only gems produced in iliis country in (piantities sufficient 
to call for especial consideration; but, since there seems 
every reason to exi)cct that valuable stones may yet be found 
in our western legion, some mention wiP be made of these 
even though at present the production is unimportant. In 
prehistoric times tur([uoise w«as obtained by tlie Indians from 
Los Cerrillos, Nqw Mexico, and lieads of tliis mineral are 
often found with their implements. These turquo’^-^ veins 
are still worked, and recently other veins have be. . dis- 
covered in the Burro Mountains, Grant County, New Mexico, 
some of the gems from these mines being equal in colour to 
the best oriental turquoise. 

During the present year (1893), turquoise has been dis- 
covered in the Jarilla Mountains, in Dona Ana County, New 

1 The subject of precious stones is treated fully by G. F. Kunz in Gems 
and Precious Stones of North America^ by E. W. Streeter in Pt'ecioits 
Stones and Gems, and also in the Eleventh Census Report on 3Iineral Inv 
tries, and the reports on the Mineral liesources oj Jie United States, Day, 
U. S. Geol. Survey. 
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Mexico, and it is predicted that this will prove of great 
value. As in the case of the Grant County gems, the 
occurrence is in association witli intrusive tiachyte, the min- 
eial being the lesult of an alteration of the kaolin which 
existed in the Aeins. The turquoise grew, as it wcie, in the 
kaolin, it being a hydrous phosphate of aluminum. All of 
these turquoise veins ueie oiiginally worked by the Indians, 
and tlitir discovery was due to this fact. But as an illus- 
tiation of tlie lack of knowledge of the rarer minerals on 
the part of the prospectors, it may be pointed out that the 
Jaiilla deposit was oveilooked on the assumption that it 
was a copper stain. 

Peails are fiequently found in fresh- water clams belong- 
ing to the genus Uiiio, and some of these aie of value. 
Particulaily valuable finds liave been made in Wisconsin, 
and Kun/. states that peails of good quality are moie liable 
to be found in creeks whu h flow thiougli a limestone country. 

Precious stones, paitidilaily sapphire and diamond, have 
been occasionally found in tlie gold-beaiing gia\els in vari- 
ous parts of th(J uesl, Imt, until very recently, no systematic 
efforts ]ia\e been made to obtain them, nor has any success 
attended the effoits to find their source in the rocks. Re- 
cently systematic woik has liecn cairied on for the lecovery 
of sapphire fiom the gravel bars in the Missouri east of 

Helena, Montana. These are being caiefully u ashed for 
gems, but only a small degree of success has rewaided the 
efforts, since the few gems which aie found have not the red 
colour of ruby, nor the blue of sapphire, but range through 
lighter colijurs of blue, red, green, and yellow. Saiiphire 
ciystals have been found in an andesite dike crossing the 
slates upon which the gravels rest, and the source of the 



PKECIOUS STONES, ABRASIVE MATERIALS, ETC. 423 


gems may have been a similar rock, but no thoroughly scien- 
tific study has been made of the region and its possibilities. 
At Corundum Hill, North Carolina, some fairly good sap- 
phires are occasionally found. 

A few diamonds have been discovered in gravels in 
North Carolina, Georgia, and California, in well-defined 
areas, but they have not been traced to their source. 

Garnets, valuable for gems, have been found in several 
parts of the country, but tlie principal supply comes from 
the Navajo Indian Ueservation, where they are obtained 
from ant-liills. In 1890 opal was discovered in the state of 
Washington filling ainygdaloidal cavities of varying size in 
basalt, and operations have been puslied with the result of 
I)roducing some good-sized stones equalling tliose of Hungary 
and Australia. Tourmaline gems are found in the Colorado 
desert, Rumford, ]\Iaine, and elsewhere, and some very beau- 
tiful titanite or sphene crystals of a beautiful yellow colour 
have been obtained from the Tilly Foster mine in Putnam 
County, New York. 

Quartz, either in the transparent condition, or coloured, 
or containing inclusions, is frequently used for cJicMp jewelry, 
and this industry is of considei-able importance, part, 'ularly 
in places visited by numbers of touiists, such as the Hot 
Springs of Arkansas. In several parts of the \\'est tliere 
are fossil forests in which petrified trees are composed of 
agate or jasper, often beautifully banded, and these are made 
use of extensively for the manufacture of ornaments and jew- 
elry. Satin spar or fibrous gypsum is also cut into cheap 
ornaments and jewelry, and there are numerous other minerals 
used for similar purposes. Several gems, besides those above 
mentioned, have been found sparingly in the United States. 



424 ECONOMIC GEOLOGY OP THE UNITED STATES. 


The following table furnishes an approximate statement of 
the value of the precious stone production of this country : — 


PRODUCTION OF PRECIOUS STONES IN HIE UNITED STATES. 


Stones. 

1884. 

1886. 

1888. 

1890. 

1891. 

Turqaoist .... 

$2,000 

$3,000 

$3,000 

$28,075 

$150,000 

Sappliire 

1,760 

750 

500 

0,725 

10,000 

Quartz 

11,500 

11,500 

11,150 

14,000 

10,000 

Gold quartz .... 

140,000 

40,000 

75,000 

9,000 

6,000 

Smoky quartz . . . 

12,000 

7,000 

4,000 

2,225 

5,000 

Opal 

1 .... 



.... 

5,000 

Catlinite 

10,000 

10,000 

6,000 

5,000 

5,000 

Garnet 

4,000 

0,250 

3,500 

2,308 

3,000 

Tourmaline .... 

2,000 

5,500 

.... 

2,250 

3,000 

Agatized wood . . . 

.... 


.... 

0,000 

2,000 

Diamond .... 

800 

00 


.... 

.... 

Total 

1 {$222,826 

{$118,850 

{$139,850 

$118,833 

.$235,300 


The above table, which is in large part merely a rough 
estimate, probably does not represent the true value of the 
output of gems and precious stones, since large quantities 
are sold at the point of production, and cut by local jewellers, 
without any record being kept. Moreover, there are many 
mineral collectors who purchase precious stones for private 
and public collections, some of them purchasing the entire 
output of some of the smaller producing localities. It is not 
improbable that the true value of the industry is fully double 
that stated the above table, but, nevertheless, the precious 
stone production of the United States is extremely limited, 
and the country .is probably by no means u[) to its possible 
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capacity as a producer of these minerals. Now that the west 
has entered upon a stage of more minute and intelligent 
exploration, it need not be surprising if gems of value are 
found. When we compare our precious stone production 
with our consumption of cut and uncut gems, which in 1891 
was valued at over $12,700,000, and with the output of 
diamonds from the C^ape of (iood Hope fields, wliicli in 1890 
exported £4,102,073 sterling worth, we plainly see the lack 
of importance of the United States in this respect. 


Ahrafiive Materiah, 

General Statement. — I'liere arc two classes of materials 
which serve for abrasive purposes: those used as a powder or 
a sand, and those used as stones. In tlie tirst class are grouped 
sand, diamond, corundum, emery, infusorial eartli, and some 
minor substances ; and, in the second class, millstones, grind- 
stones, and whetstones. Sometimes stone’ of the latter class 
arc prepared artificially, by the manufacture of a rock con- 
sisting ill part of powdered or gi-anular ablative sulistances ; 
but more commonly they are naturally formed rocks. Sand 
is used for abrasive purposes in polishing- and sawing ' 'utain 
stones, such as marble, the sand being fed to a si ight- 
edged steel saw, whicli moves b«ick and fortli on tlie stone, 
and uses the sand for cutting edges. Diamond dust, obtained 
from the Avaste made in cutting diamonds, and from black 
and imperfect diamond bort, is also used for salving hard 
rocks and minerals, chielly in the preparation of gems and 
the manufacture of oruciiiients from hard rocks and minerals. 
Being the hardest known mineral, it is of great value for 
these purposes. Corundum and emery . used, in the foim 
of granular fragments, and as a fine flour-like powder, for 
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smoothing and polishing purposes, as, for instance, in pol- 
ishing granite and other rocks, and also in tlu* form of 
aitihcially made wheels for grinding purposes. Infusorial 
earth is also used for polishing, but for a liner grade of work 
than the above materials. 

Infusorial Earth. — Certain animals, kjiown as Infusoria, 
and plants belonging to the group of Diatoms, secrete shells 
or tests of silica, and when they die these durable parts 
are left behind. When in particular bodies of water 
these organisms are the piedominant forms of life; having 
durable shells they tend to accumulate in beds, forming 
diatomaceous or infusoii.il eaith. These forms of life are 
paiticularly abundant in f i esli-w^atcr ponds; and conse- 
quently their remains are commonly found in the swamps, 
which aie lilled-up lakes, of the glacial belt in New Eng- 
land and other noithein states. Where these ponds were 
small, and their banks boidered with reeds and otlicr 
forms of vegetation, \eiy little sediment entered, and the 
accumulations weie piincipally oiganic, and the infusorial 
beds compaiatit^ely pure. A tliin la^er of this wliite, pow- 
dery earth is found in excavations in many swamjis, but it is 
usually not sulliciently abundant to be of value. Infusorial 
earth, in this count] y, is piincipally obtained fiom Pope’s 
Creek, Maryland, but California, New Hamjishiie, and New 
Jersey also produce some. There is not an extensive demand 
for this substance, and consequently the output is limited. 
It has served, as an absorbent, in the manufaituie of dyna- 
mite ; but wood pulp is rei)lacing it for tliis purjiose. In 
tlie form of a soap or a powder, it is used as silver polish 
and for other cleansing purposes, and also in the formation 
of a glaze for biicks. 
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Comndum and Emery. — These minerals differ from each 
other very slightly, the former being oxide of aluminum, 
and the latter being corundum mixed with iron oxide. The 
former is, therefore, harder and more durable, and hence 
more valuable, it being the hardest of the minerals which 
are common enough for extensive use, ranking next to dia- 
mond in the mineralogical scale of hardness, diamond being 
10, corundum 9 (in its pure form sapphire). Emery is 
found in the metamorphic rocks at Chester, Massachusetts ; 
and corundum is produced at Laurel C/reek in Georgia and 
Corundum Hill in North Carolina. It occurs here at the 
contact of gneiss and serj)entine, the latter having resulted 
from the alteration of an olivine rock. There are other 
minor localities for these minerals. Practically all of the 
corundum used in the country is of domestic produc.tion, but 
much of the emery is imported, our imports in 1891 having 
amounted to $104,199. 

Grindstones and Suhrstone. — Grindstones are made of a 
firm, gritty sandstone, and these are principally produced 
from the Berea grit of Ohio and ]Michigan, although Cali- 
fornia and South Dakota also produce some. Although 
some of the grindstones used in this country are in . orted, 
the greater number are of domestic production. 

The industry of buhrstone or millstone production has 
rapidly decreased since the introduction of the roller j^rocess 
of grinding grain, but they are still used in many of the 
small grist mills, and for grinding ocment, paint, gypsum, 
etc. Stones for these purposes «are found in this country ; 
but tlie grist mills still using buhrstones prefer the French 
buhr, which is of superior quality to :^ny produced in tfiis 
country. A buhrstone must be fine grained and very com- 
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pact, much more so than grindstones ; but it must not glaze 
too readily, nor, on the other hand, should its texture be so 
loose that particles rub off, as in the case of grindstones. 
A gritty quartzite or a quartz conglomerate are the rocks 
best adapted for this purpose ; and in this country the chief 
supply comes from Ulster County, New York, and, in smaller 
quantities, from Pennsylvania and Virginia. In 1891 we 
imported f 24, 039 wortli of millstones. 

Oilstones and Whetstones. — Oilstones and whetstones are 
chiefly of domestic production. Since 1823 New Hampshire 
has been tlie seat of the soythe-stone industry, a valuable 
grit for this purpose being found in a mica schist in Grafton 
County. Whetstones are also found in Masaaehusetts and 
Vermont. The western grindstone grits furnish some 
scythe-stones; but they aie more gritty and coarser, and 
hence inferior to those lu'oduced by the New Hampshire 
company, which also operates the Massachusetts and Ver- 
mont quarries, and exi)orts considerable quantities to Europe. 

Oilstones are of a still finer texture, and these are also 
found in New 'Hampshire ; but the most important seat 
of the oilstone production is in Gailand County, Aikansas, 
where there are extensive beds of novaculite, of PabTozoic 
age, occurring stratified with shales and limestones in very 
much folded strata. These deposits were first made to 
produce commercially in 1840, although extensive quarries 
were worked for implements by the aborigines. These 
stones, known as Washita and Arkansas oilstones, aie 
recognized as the best in the world for sharpening fine 
tools, and they are extensively used for this purpose both 
in Europe and the United States. The most important 
quarries are situated near the Arkansas Hot Springs, and 
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Griswold states^ that they are actually deposited sediments 
of fine-grained quartz, instead of a chemically precipitated 
deposit, as was formerly believed. There arc immense quan- 
tities of novaculite in this region, but the grade is very 
variable, and some of it is quite inaccessible at present. 

An oilstone, known as the Ilindostan, is quarried in 
Orange County, Indiana. It is a very compact sandstone, 
and, although very good, does not equal the Arkansas 
novaculite ; but is more cheaply quarried and fashioned, 
and hence is sold at a lower price. A more coarsely grained 
sandstone, known as the Shoemakers* sandstone, is also ob- 
tained from Indiana, and, until recently, this has been of 
considerable value in shocmaking ; but the introduction 
of improved machiiiery has caused the demand to rapidly 
decrease. 

Statistics. — In 1891 this country exported '‘^01,500 worth of 
whetstones, and tiie following table shows the production of 
the various abrasive materials for a series of years : — 


Pn()I)UCTK)N OF ABKASIVK AIATEIilALS 

STATES. 

IN THE 

UNFFED 

Matkiuals, 

1880. 

1 

1885. ! 

1890. 

^2. 

Infusorial earth .... 


.$5,000 ' 

$50,240 

$20,000 

Gorunduin and emery 

20,280 i 

108,000 1 

80,;j0o 

88,000 

Grindstones 

.500,000 ' 

.500,000 ! 

4.)0,000 

500,000 

Bulirstoiies 

200,000 1 

100,000 ' 

211,720 

10,000 

Whetstones and oilstones, 

j 8,000 j 

ir..0i)0 ; 

1 

00,000 

150,000 

Total 

.S7S2,04O i 

.$728,000 1 

.$08o.204 

[ $774,000 


^ Tlio novriculitt' of tliis counti’y, jiikI Mio iiicliistry in gciicnil, are fullv 
described by 1.. S. Griswold in a valuable Moiiograpi '‘iititlcd Whetstones uU 
Nbvaculites of Arkansas^ Ann. Ropt. Ark. Geol. 8ui'*ey for 1800, \ ol. III. 
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Salt. 

Our supply of salt comes either from brine or from 
deposits of rock-salt. At several places in California salt 
is obtained by evaporating ocean water ; but this source is 
not as important as niiglit at first be supposed, since more 
concentrated solutions occur elsewhere. In various parts 
of the Cordilleras salt lakes exist, and there is every grada- 
tion in this region, from fresh-water lakes to deposits of 
rock-salt, whicli liave resulted from the evaporation of 
salt lakes. There are several salt works loc^ited upon the 
shores of Great Salt Lake, in Utali, and in Nevada, upon 
the shoi-es of the smaller salt lakes of tliat state. The 
salt thus obtained by solar evaporation is used principally 
for local purposes, paiticulaily in the chlorination process 
of reducing ores. Some of these lakes have crusts of salt, 
and, in some cases, in all the arid regions of the west, the 
water has entirely disai)peared under the influence of the 
arid climate, and hei’e the ranchmen are able to obtain 
their supply of salt at the surface, fiom beds of rock-salt 
produced by the natural evaporation of dead seas. 

Rock-salt deposits, now buiied in the eaith, liave resulted 
from the same process as that just desciibcd, and these 
aie found stratified in rocks of various ages from the Silurian 
to the present. Water, in its passage over and through 
the earth, dissolves many minerals, the most common being 
salt.^ When these waters, which contain so little salt that 
they seem fresh, enter an enclosed sea without an outlet, 
the fresh water is eva])orated and the salt is concentrated, 
until, finally, after a long period of time, it may accumu- 

* Tho mineralogical name of salt is halite. 
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late in a solid mass of rock-salt either at the bottom of 
the lake, or in place of the lake, if all of the water is 
evaporated. Many impurities usually occur with rock-salt, 
either disseminated through it or concentrated into layers. 
These represent the impurities dissolved in water with the 
salt. Other chlorides, particulaily those of calcium and 
potassium, gypsum, iron, and sedimentary’ deposits of clay 
or sandstone, are some of the common impurities which 
must be separated. 

A bed of rock-salt of considcral)le extent occurs in the 
Tertiary deposits on Petit Ansc island in Louisiana, where it 
was discovered, during the Civil War, beneath the site of 
some salt wells which had been known for a long time. 
In western New York beds of rock-salt occur in the 
Silurian ovci* a wide area, in Kansas in the Triassic, and 
in Texas in the Permian rocks. Some of these ]‘ock-salt 
deposits are actually mined, but some arc worked as brines, 
water being allowed to enter the salt beds from below, 
through artificial boiings; and, after dissolving the salt, 
the water is brought to the surface eithei’ through natural 
artesian wells or by pumps. Some of these beds are un- 
doubtedly dried-up salt lakes, but some may be salt d t)Osits 
which have accmmulatcd in shallow coastal lagoons or upon 
salt marshes along some ancient shore. 

However, much of the salt of the country is made from 
natural brines which occur scattered through rocks of all 
ages, and are obtained from wells, cither by pumping or as 
artesian water. I'he most common mode of occurrence is in 
beds of sandstone, capi)ed and underlain by more impervious 
beds. Some of this salt may have been u iginally built into 
the rocks when they were deposited in the ocean ; some may 
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represent beds of rock-salt subsequently dissolved ; and some 
are apparently deiived in the same manner as petroleum and 
natural gas, — namely, by accumulation in a porous stratum 
from some outside source. Associated with the salt in the 
brine are the same minerals wliicli are found in rock-salt; 
and brines are also frequently associated with petroleum and 
natural gfis. Some of the impurities, such as gypsum, are 
injuriou!>; and one of the chief problems in salt manufacture 
is how to remove all of these substances without injuring the 
salt or interfering with its evaporation. 

Our salt supply comes chiefly from the Salina group of 
the Silurian in New Yoik and fiom tlie Carboniferous in 
Michigan ; but other states and other ages of rocks are also 
saliferous. The salt is obtained in some ]daces by solar 
evaporation, in laige shallow pans; in others, by artificial 
heat obtained by buining wood, coal, or natural gas. The 
piice of this mineial is cxtiemely low, and it is produced 
at a 2)rolit only vheie it can be oluainod ^ery easily and 
evajjorated cheaply. This is veiy stiikingly shown by the 
fact that sea ^^ 1 lter can rarely be evaj)Oiated, even in arid 
regions, and made to }ield salt at a 2)rofit. Nevertheless, 
botli in this country and in Em ope this is done in certain 
very favourably situated localities. 

The distribution of the salt suiqdy is sliown in the follow- 
ing table; but this docs not rejnusent the distiibution of 
salt, for there is 2)robably vastly moi’e in tlie Tertiary and 
recent strata of the Cordilleras than in any other 2)art of 
the country, but it is too far from the maiket to be of 
value. Very pure salt can be obtained by the wagon-load 
ill scores of ])laces in the far West. 
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PRODUCTION OF SALT IN TITE UNITED STATES. 


States . 

1883. 

1885. 

1887. 

1889. 

1892. 

New York . . 


.§874,258 

§00(1,891 

.§1,130, .503 

.§2,200,000 

Michigan . . 

2,344,084 


2,291,812 

2,088,000 

],90«,027 

Kansas . . . 




202,500 

608,305 

Utah .... 

100,000 

75,000 

102,375 

00,000 

205,000 

Ohio .... 

2.31,000 

1 100,450 

21‘),000 

102,500 

276,000 

West Virgin in, 

211,000 

145,070 

1.35,000 

130,000 

166,800 

California . . 

150,000 

10(»,000 

110,000 

0.3,000 

125,000 

Louisiana . . 

141,125 

130,011 

, 118,735 

1.52,000 

81,000 

Total . . . 

§4,251,042 

i 

.§4,00.3,840 

§1,19.5,412 

! 

.§5,870,222 


New York has rapidly increased its output, and Kansas 
has shown a remarkable increase siiK^e 1888, wlien salt first 
began to be prodncaal there. At the same time, Louisiana 
and Michigan have deci’cased; and in ten years there has 
been a very sliglit total inci-ease for the country. Our pro- 
duction of salt is [)raetically what we consume, although we 
export about 11^30,000 worth a year; and in 1892 we i”'oorted 
1768,734 worth, chielly for special purposes. The out at for 
1892 represents 11,58^,734 barrels of 280 pounds each. Aside 
from a certain increase in demand for this mineral in the 
reduction of ores and in the manufacture of caustic and 
baking soda, tlie increase in tlie salt industry must be depen- 
dent upon the increase in jiopulation, its consumption for 
cooking, table, and curing purposes being the most important 
uses of the mineral. 
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Mukic Tons (2204 Lus ). 


Great Biitain . 

2,077,072 

Russia . . ... 

1,400, 000 i 

United Slates 

. 1,500,107 

Germany . 

606,793 

Spain . . . , 

. . . 225,870- 

Hungary . . . , 

159,898 

Canada 

45,021 

Italy . 

31,285 

Colombia 

21,614 


B) 'ominc. 

This element is not found fiee, but in the form of bromides, 
and the chief source is from lock-salt and salt water. It is 
produced as a 6y-pioduct in the manufacture of salt in West 
Virginia, ilichigan, and some other salt regions. Duiing the 
evapoiation of salt, it becomes concentiated, together with 
some other substances, in the bittern or mother liquoi, flora 
which it IS extiacted. Its chief use is for chemicals, in the 
manufactuie of nn aniline colour (eosene) and, in smaller 
amounts, as a disinfectant. In the past twelve years the 
product of bionune in this couiitiy has vaiied somewhat; 
but in 1892, 379,480 pounds were produced, valued at $64,612. 


Borax. 

Among the other substances found associated with salt 
are borax, soda, and gypsum, the latter of which is desciibed 
in the preceding chapter. Boiax exists in the alkaline flats 
of the arid i^egions which contain valuable stoi*es of alkaline 


^ Estimated. 


^ Exported 
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substances, the greater part of which no attempt has ever 
been made to utilize. In Tuscany this substance occurs in 
hot springs, while in Hungary it is obtained from the rock- 
salt ; but in our country the source is tlie beds of desiccated 
lakes in the desert regions of Nevada an4 California. The 
‘‘ salines,” which contain borax, in the west, probal% received 
their supply from hot springs resulting from the neighbour- 
ing volcanic activity which was very well developed in the 
Great Basin during the period of desiccation. Tlie minerals 
are borate of soda and of lime, mixed with clay, gypsum, 
salt, and other impurities. There is also borax in fissure 
veins in California, probably deposited in the tube of a hot 
spring similar to the Tuscan springs; and the industry of 
borax preductio*^ in that state has rapidly incivascd since the 
introduction of deep mining. Aside from' the European 
localities, borax is produced also in I'liibet, Asia Minor, and 
Chili, in dried lake bottoms similar to tliose of the Great 
Basin of the Cordilleras. 

The original source of borax is probably in all cases vol- 
canic emanations, the hot springs of Tuscany illustrating 
the active stage in its production. These, flowing into the 
waters of the salt lakes, caused borax to accumulatt n the 
same manner that salt and gypsum accumulate in the same 
places. In the west the borax permeates the soil, as does 
ordinary alkali ; and in favourable situations, a crust forms 
upon the surface. After this has been removed, a new 
deposit commences to form by the solution of the mineral 
in percolating waters ; and its rise to the surface b}' capillary 
action forms a crust by the subsequent evaporation of the 
boracic waters. After five or six years a new crust is 
formed ; but this naturally does not equal, in thickness, the 



436 ECONOMIC GEOLOGY OF THE UNITED STATES. 


original crust which has been accumulating for ages. It is 
removed, dissolved, and evaporated; and ^ the process is 
repeated until crystals of neaily pure borax are formed. 

Borax is used in welding, since it forms fusible salts with 
most metallic oxides, and it is also used in glazing biick, 
chinaware, etc., as well as in the manufticture of enamel for 
ironware, and for the gloss given to starched linen in laun- 
dry wo. .c. As an antiseptic it is important, and it is also 
used in dyeing, for sanitary purposes, and in drugs. Our 
consumption of borax about equals the production, which is 
given in the following table : — 


PRODUCTION OF BORAX IN THE UNITED STATES. 
POI \DS. 


Year. 

CATirORM V 

Ni*\ \i>v. 

Tot V L. 

1864 

24,a04 


24,304 

1865 

251,092 


251,002 

1875 . . 

2,3.56,000 

2,804,000 

5,140,000 

18«0 

1,219,948 

2,640,800 

3,860,748 

1885 

1,885,300 

5,586,104 

7,471,404 

1890 

6,402,034 

5,487,794 

11,889,828 

1892 .... 

11,596,574 

2.646,525 

14,213,099 


Since 1864 the total production of the United States has 
been 128,539,190 pounds, and the price has steadily decreased, 
with some fluctuations, having remained, however, for the 
past four years 7^ cents a pound in New York. The value 
of the borax output at the place of production was, in 1892, 
$925,810. 
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Natural Soda. 

This is obtained from the alkaline substances which are 
so abundant in arid regions, such as tliose of the (jreat 
Basin, the deserts of Africa, Asia, and South Ameiica, where 
it occurs in the form of carbonate and bicarbonate of soda 
mixed with clay and various chemical impurities. "I'he 
alkali coats large areas witli a snow-white, efflorescent 
deposit, and sometimes with a thick crust. There are vast 
quantities of these sulistanccs in the deserts, alkali flats, and 
alkaline pools of the west; but as yet little has l)een done to 
extract them, and only a small amount is produced. This is 
probably an industry which will assume marked importance 
in the fu1m« ’^^w that the knowhslge of methods of extrac- 
tion has improved and means of cheap transportation are at 
hand. 

Magnesite. 

This mineral, which is a carl)onatc of magnesia, occurs in 
a number of places in California, and possibly elsewhere in 
the Cordilleras. It resembles unglazed porcelain, being 
hard, line grained, and white. Tliere are several n odes of 
occurrence, one being in a vein from five to seven fe- thick 
in Childs V^alley, wdiile elsewhere it is generally bedded with 
talcose slates, serpentines, and magnesian carbonates or dolo- 
mites. Until recently no use has been made of this mineral, 
but wdthin a few years experiments have been made wuth 
the idea of introducing it; and alioiuly it is being used as 
a subditutc for chlori ie, as a bleacher, in the manufacture 
of paper from w^ood pulp, for wdiich purpose it is said to be 
better suited, as well as cheaper, than chlorine. Other u^es 
are also made of it, and it is expected that it will be possible 
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to ship the mineral as far east as Pittsburg and compete 
with the foreign magnesia used in the manufacture of basic 
steel. 

Sulphur. 

Sulphur is obtained from three sources, — iron pyrite, 
which has already been desciibed,^ from the waste calcium 
sulphic ' pi'oduced in tlie alkali works, and from native sul- 
phur. Native sulphur is kno\^ n to exist in various parts of 
the west, but neaily all of these deposits are so inaccessible, 
and the cost of transportation to the market so great, that 
they are not exploited. At piesent the total supply pro- 
duced in this countiy comes fiom Utah and Nevada. Out- 
side of the United States sulphur is found in numerous 
places, chiefly in volcanic regions. Extensive deposits are 
known to exist in Japan, but tlioy arc not favouiably situated 
for profitable production, and our piincij)al supply comes 
from the island of Sicily, which has produced this mineral for 
several centuries. It is obtained here fiom various mines, 
scattered over, a vide aiea, and woiked to a consideiable 
depth by very crude and antniue methods. Since 1831 
there has l)een produced fiom this district neaily 13,000,000 
tons of sulphur, valued at not far from 'i?350,000,000. 

At first thought the explanation of the oiigin of sulphur 
seems simple, particularly when it occurs in volcanic regions, 
where emanations of sulphur vapor arc commonly associated 
with eruptions of lava. Since sulphur dej)osits aie so com- 
monly associated with recent volcanic rocks, there is good 
reason to believe that they are frequently the result of 
this association. But the breaking up of sulphuretted 


I p. 300. 
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hydrogen, produced from the decomposition of gypsum or of 
organic remains, will also form sulphur deposits, and such 
appears to be the origin of at least some of the Sicilian sul- 
phur and of a bed of sulphur which occurs stratified with 
sedimentary rocks in a region no less remote from volcanoes 
than western Louisiana. 

The demand for native sulphur is decreasing, although 
the uses to which it is put are increasing. Tliis is due to 
the increfising use of pyrites in the niannfaeture of sulphuric 
acid, and to the production of sulpliur from the calcium sul- 
phide, which was formerly a waste product in the manu- 
facture of alkalies. The statistics of the production of 
iron pyrite are given in a previous chapter. 

We have in this industry the rather anomalous condition of 
abundant supplies at home, but practically no home produc- 
tion, notwithstanding a heavy demand for brimstone at a price 
varying from #22 to #30 a ton. There iv'd other minerals of 
minor importance which illustrate the same peculiarity ; but 
in most cases wlierc our mineral suj)ply is good our production 
is large. Tliese peculiarities are generally, as in the present 
instance, the result of a failure of railroad transport. ^^ion to 
compete with ocean transportation, combined with n'tain 
difficulties of mining and transporting materials in our 
sparsely settled western territory. There are some reasons 
to hope that tlie sulphur deposits of the west will eventually 
become of importance, but at present only those of Utah arc 
of value. 

Sulphur is used in the manufacture of sulphuric acid, 
matches, gunpowder, and many minor sul)stances, as well as in 
its native condition in medicine and fo^* other purposes. In 
1892 our production of this mineral amounted to 1825 short 
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tons, valued at 154,750, while we imported, chiefly from 
Sicily, 100,711 long tons, valued at $2,189,307. During 1890 
Sicily exported 344,703 tons, and during 1891, 293,323 tons. 


Fluorite. 

This mineral is not uncommon, as a veinstone, in various 
parts of the world, and it is found sparingly in granites and 
metamorphic rocks; but until within a few years it has not 
been considered of much value. Now, however, it is intro- 
duced into the reduction of some of the refractory ores, for 
which it serves as an excellent flux ; and it is also used in 
the manufacture of opalescent glass, in the production of 
hydrofluoric acid, and for other minor puiposes. In this 
country the only source of lluoiite is the galena-bearing 
limestones at llosiclare, llaidin C^ounty, in the southern 
part of Illinois. Formerly these deposits were worked for 
lead, and the fluoiite w.a^ a waste product, but now the re- 
verse is true. The mineral occuis in true flssuie veins, which 
have been traced for a distance of several miles. Pliiorite 
is not an uncommon mineial in altered doloniitic limestone, 
and it is possible that the above deposits will change in 
character when the limestones are passed through. 

The output of fluorite from this region has more than 
doubled in the past ten years, and in 3892 amounted to 9000 
short tons, valued at $54,000. No fluor-spar is imported, 
but it is obtained as a by-pioduct in the reduction of cryolite 
to aluminum and sodium. This source is decreasing, "how- 
ever, with the introduction of bauxite as a source of alumi- 
num. In 1892, 8155 long tons of cryolite, valued at $73,847, 
were imported into this country. 



PRECIOUS STONES,' ABRASIVE MATERIALS, ETC. 441 


Graphite. 

Plumbago, or graphite, one of the pure forms of carbon, 
occurs in metamor2)hic rocks, particularly i]i limestones, 
where it is undoubtedly the result of the metamorphism of 
carbonaceous substances of organic origin. Tlie same is 
true of' the graphitic coals of Rhode Island, where the Car- 
boniferous coal has been nietamorpliosed almost to the stage 
of grajdiitc, and loc^ally actually to this condition. The 
Rhode Island graphitic anthracites are used to some extent 
in the manufacture of crucibles and stove-blacking. Graphite 
has also been mined in Pennsylvania, New Jersey, Michigan, 
and Wyoming ; but tlie only important American source of 
this minerai at Ticunderoga, New York, wliere, in the 
metaraorpliic rocks, there is a v(^hi of sufficient imrity to be 
used in the manufacture of lead-pencils. This mineral is 
found ill Japan, Russia, Canada, (Tennan}^ Austria, and 
Ceylon, the bulk of our supply coming from tlie latter 
region. In every case thc^ source being locks of metamorjJiic 
origin, this fact has led some to liold tliat for tliis reason 
we must consider them to be of sedimentary origin and 
the graphite to be inorganic; in origin ; but this is mere 
assumption. 

In 1891 tlie output of graphite in the United States was 
1,559,674 pounds, valued at }i;?110,000, and m the same year 
we imported '1(^555,080 worth of plumliago. The better qual- 
ities of graphite are used in tlie manufacture of lead-pencils, 
and ifiUch is also used in the preparation of lubricants, while 
the poorer qualities are manufactured into stove polish, cru- 
cibles, paint for the protection of iron, and other similar 
purposes. 
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Lithographic Stone, 

Although this country imports about $100,000 worth of 
unengraved hthogiaphic stone each year, none is produced 
here. This is probably not because there is none in the 
country, but rather because its occurrence has not been 
detected. There arc, in many places, rocks which very 
closely 1 eseinble lithographic stone, but these have not the 
fineness of quality which fits the Solenhofen stone so well 
for lithographic purposes. This is a compact, homogenous, 
fine-grained limestone, of gray or creamish colour, found at 
Solenhofen in Germany. It varies somewhat in texture, and 
colour, and some is suited only to low-giade work. Litho- 
graphic stone is found elsewhere in Euiopo, but in no case 
is the quality equal to the German stone. In Texas there is 
a stratum wliicli is appaientlj’' a good quality of lithographic 
stone, but it is cut by joint planes, which pi event its extrac- 
tion iii good-sized blocks. Below tlie surface this may be 
found to be less jointed, but the dci')Osit has been scaicely 
prospected. Beds of this stone aie also leported to occur in 
Virginia, Indiana, and Arkansas, but nothing can be said at 
present concerning their value. It seems very improbable 
that, among all the vaiieties of lock, of all ages and all 
kinds of oiigin, occurring in the west, this particular kind 
should be absent; and tlie most probable explanation of our 
non-production is ignorance of its cliaracter by the pros- 
pectors who have explored the region. 

Mica. 

The group of micas, which includes a great variety of 
minerals, all of which are complex silicates of alumina, with 
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varying proportions of iron, sodium, potassium, magnesium, 
etc., is one of the most common groups of minerals, being 
present in the greater number of metamorphic, many igneous, 
and some sedimentary rocks. It is, however, of value only 
when found in considerable quantities, in the form of large 
sheets; and these occurrences are relatively rare. The two 
varieties, biotite and muscovite, are of commercial impor- 
tance, the former being only semi-transparent iji thin sheets, 
while the latter is quite transparent. Large sheets of these 
minerals are found, usually in coarse pegmatite veins in 
granite, in coarse granite, and in thin beds in metamorphic 
rocks. 

Mica is obtained from several places in New Ilampsliire, but 
chiefly from trie i'alcrmo mine in Grafton County, which pro- 
duces nearly all the supply obtained in this cM.uuitry. Small 
quantities also come from Nortli Carolina, and a very little 
from South Dakota and AVyoming. In the table at the close 
of this section it will be noticed that, since 1884, there has 
been a marked falling-off in the output of the country. This 
is due to the im])ortation of a very line grade of mica from 
India, where it occurs in extensive deposits which ca^-* be so 
easily worked and so cheaply produced that, even dh a 
duty of 35 per cent ad valorem and the long distance of 
transportation, it can compete with the mica produced at 
home. 

Recently Canada has begun to produce mica in great 
quantities ; and the mineral, although, biotite, and therefore 
not transpai’cnt, can be used for various pui’poscs where trans- 
parency is not necessary. This biotite is obtained chiefly in 
Ottawa from the apatite mines, and the industry is succeed- 
ing that of apatite production which iias been seriously 
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checked by the important discoveries of phosphates in the 
United States. 

During tlie process of mining, the mica is obtained in as 
large pieces as possible ; and it is afterward cut into sheet 
mica, provided the quality is sufficiently good. For this 
purpose, either wine colour or white is desired, and the 
sheets must be smooth and free fiom spots. 

The price varies according to the size ; but of late years 
theie has been an increasing demand for the smaller sizes, 
since the industry in which it is chiefly employed (panels 
of stove and furnace doois) now makes use of numerous 
small sheets instead of one large sheet. Sheet mica is 
also used extensively in elcctiical apparatus ; and since 
colour is not impoihint, the dark biotites of Canada are 
being used for this purpose. This class of mica must 
be flexible and non-conduetive, and the sheets must be 
of uniform size, although many different sizes are made. 
There is also a ra})idly inei easing demand for ground 
mica, which is made of the scraps and waste produced 
in the manufaetuie of sheet mica. One of the most im- 
portant uses of this mateiial is for tlie production of the 
frosted and spangled effect in wall papers, and the finer 
grades of ground mica aie used for metallic white surfaces. 
(Iround mica is also used in the manufacture of lubricants 
for car and carriage wheels. 

The production of mica in this country is shown in the 
following table. Of the output for 1892, New Hampshire 
produced, approximately, f 70, 000 ; North Carolina, 1)^25,000; 
and the other #51)00 was distributed between several states. 
The imports come chiefly from India and Canada. 
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PRODUCTION AND IMPORTS OF MICA IN THE UNITED 

STATES. 


Ykah. 

Pounds. 

Value. 

Iaiuoiits. 

1880 

81,000 

.$127,825 

$12,502 

1884 

147,410 

308,. 525 

27,555 

1800 

00,000 

75,000 

140,975 

1892 

75,000 

100,000 

100,840 


The waste and scrap material made into ground mica 
is not included in the above table. In 1892 it amounted 
to 959,000 pounds, valued at ^f67,lo0. 

Tah and Soapstone, 

A series of minerals of different varieties, but possessing 
the same general character, are included in tliis group. They 
are hydrated silicates of magnesia, and are soft, with a soapy 
feeling, a colour usually grayish or greenish, and a greasy 
lustre. Some, such as fibrous talc, bear a certain resemblance 
to asbestos ; and they are all characterized by thei"’ slight 
expansion during changes of temperature, which dapts 
them to certain particular uses. In an impure state they 
are common in inetamorphic rocks, often in sufficient (]^uan- 
tities to produce talcose schists ; and among these, beds of 
sufficient purity for commercial purposes arc sometimes found. 
Nearly every state in tlie Union wbt're metamorphic rocks 
occur has talc deposits ; but only a very few produce it. 
Steatite, or soapstone, is the most common form, and this is 
found in the metamorphic rocks of Pennsvlvania, New Hamp- 
shire, New Jersey, Virginia, Vermont, and Maryland, but 
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piincipally in the two first states. Fibrous talc is mined 
near Gouverneur, New York, but some comes also from 
Fairfax County, Virginia. 

Soapstone is obtained from quarries ; and the large blocks 
are trimmed into slabs to be used for vaiious purposes, such 
as heartlis, mantels, fire-bricks, linings to stoves, laundry, 
bath, arnl acid tubs, etc. Aside fiom its slight expansion 
and contraction under changes of temperature, soapstone 
does not absorb acid or grease, and this makes it valuable 
for some of the above purposes. The smaller fragments are 
made into smaller ai tides, such as slate-pencils and orna- 
ments. Giound into a powder, it is used as an adulterant of 
soap, paper, rubber, etc. ; and owing to its extreme fineness 
of grain, it is valuable for paint, particularly that used for 
the protection of metal, since it not only adheres closely, but 
also resists the attacks of acids and solvents. Steatite grease 
is used as a lubiicant, and there are many similar uses for 
the mineral. The aboiigines quaiiied soapstone extensively 
for the manufacture of oinaments and pipes, these being 
easily fashioned because of the softness of the rock. 

The fibrous talc produced at Gouverneur, New York, is 
entirely ground to a powder, and used chiefly as a filler of 
medium quality paper and for inci easing its weight. For 
the purpose of a filler, it is superior to clay, since it is fibrous 
and makes the paper stronger. It is also used as an adulter- 
ant of soap and of many white powdery substances. 

In 1889, 12,715 shoit tons of soapstone were produced 
in the United States, and of this 4371 tons came from 
Pennsylvama, 4250 tons from New Hampshire, 1500 tons 
from New Jersey, and 1300 tons from Vermont. The pro- 
duction of talc and soapstone in the United States is shown 



PBECIOUS STONES, AIUIASIVE MATEIllALS, ETC. 447 


in the following table, in which it will be seen that tlie 
industry is a rapidly growing one : — 


]UiODUCTION OF TALC AND SOAPSTONE IN THE UNITED 

STATES. 


Year. 

FiimoLS TALf. 

Soapstone. 

Short Tons. 

Value. 

Sliort 'rolls. 

Value. 

1880 

4,210 

^57,730 

8,441 

§06,005 

1885 

10,000 

110,000 

10,000 

200,000 

1892 

51,000 

459,000 

19,000 

200,000 


Asbestos, 

There are two si)ecies of minerals which have a fibrous 
habit and mai kecl l esislance to heat, — one asbestos, a variety 
of hornblende, the other clirysolile, a variety of serpentine, 
and both called asbestos in the market. The first occurs 
ill inetamorpliic rocks rich in the varieties of hornblende, the 
second is found in serpentines wliicli have commonly resulted 
from the alteration of oliviiu'-bearing rocks. B'^th are 
equally valuable for their power of resisting he. but 
asbestos is inferior in strength and is not used where great 
strength is required. 

Tliere are no deposits of chrysotile winch arc worked 
in this country, but asbestos is found in a belt of meta- 
morphic rocks on the eastern slope of the Appab’chians 
from New York to C :orgia. Limited amounts have been 
produced from here, but the principal source of asbestos 
in this country is California, although some occurs also in 
Wyoming. During 1891 this mineral was reported from 
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several parts of the Cordilleras, and a company was organ- 
ized for its production in Gallatin County, Montana. 

The output of asbestos *in this country has steadily 
decreased, and, in 1891, only G6 tons, valued at «t3960, 
were produced. Our supply comes almost entirely from 
Canada, which, since 18T9, has become an important pro- 
ducer of chrysotile, the market having previously been 
supplied from Italy. The Italian asbestos lias long fibres 
and is well suited to weaving. The Canadian chrysotile 
comes from the serpentine belt of the province of Quebec 
south of the St. Lawrence. Our imports of asbestos for 
1891 were valued at '^358,461 ; and as these are rapidly 
increasing, it will be seen that the discovery of extensive 
deposits of this substance in this country is very desirable. 
In 1891 Canada produced 9279 short tons of asbestos, valued 
at 8999,878. This mineral is used for fij’e-proof mineral 
cloth and paper, fire-proof paints, linings of fire-proof safes, 
for packing, for covering boilers, and for numerous purposes 
where fire-proof cpialities are desired. 

Barite. 

This mineral, the sulphate of barium, also called barytes 
and heavy spar, is a common veiiivStone and is remarkable 
for its great weight. The chief commercial source in this 
country is from veins and pockets in limestones, principally 
from Missouri and Viiginia, the work of extraction in the 
former state being done at intervals by farmers. Barite 
must be free from quartz-grains, which make the powder 
gritty, and Xrom iron stains, which injure its normal white 
colour, although it may be made white by boiling in sulphuric 
acid and thus removing the iron stain. 
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Barytes is used as a pigment and as an adulterant for 
white lead, which it closely resembles in colour and weight, 
and for other purposes of adulteration. Its great weight 
and white colour make it valuable for these purposes, and 
it it said that it does not injure the (juality of vvliite lead. 
It is not distinctly injurious in other foiins of adulteration. 
Tlie United States produced, in 1891, 34,799 short tons of 
barite, valued at '1(^118,363, and our imports of manufactured 
barium sulphate were valued at li<22,458, and of the unman- 
ufactured barite, #8816. Of our output, in 1891, Missouri 
produced #60,000 worth; Virginia, #52,765; and the bal- 
ance, #5688 worth, came from North and South Carolina. 

Mineral Faints. 

Various mineral products, clays, minerals themselves, 
and compounds manufactured from them, are made use of 
in the manufacture of paint. Already chromium and cobalt 
ores have been considered, and, in the discussion of lead, 
it was stated that one of the most important uses of the 
metal was the production of Avliite lead, which is of so 
much value in paint manufacture. In 1891 the AA^l''ie lead 
product was 78,01 8 short tons, valued at #10,454,02. The 
use of barite as an adullei*ant and the manufacture of zinc- 
white as a substitute for white lead have been referred to 
in previous pages. The value of the zinc-white produced 
in 1891 was #1,600,000. lied lead and litharge are also 
made artificially, the value of the red lead production m 1891 
being #591,730, and of litharge #720,925. Several metallic 
paints are also manufactured, and many colouring substances 
are made by cluunical processes ; bui the consideration of 
these scarcely comes within the scope of this work. 
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Natural metallic paint is made from the coloured clay 
which is sometimes produced by the decay of mineral veins, 
— copper producing green; iron, red and yellow earths, etc. 
Dark red and brown paints of this nature are mined in Penn- 
sylvania, New York, and elsewhere. In 1891, 25,142 short 
tons of such paint, valued at }i^334,455, were produced. The 
production of ochre is also an important industry, and, even 
by the aborigines, clays coloured bright red and reddish 
yellow by iron peroxide were used as pigments. There are 
large deposits of such clays, and they are mined, finely 
ground, and then mixed in paints, giving both colour and 
body to them. In this industry Pennsylvania ranks first, 
but Virginia and Missouri also produce considerable quan- 
tities. During 1891 the output of 18,294 short tons of 
ochre was valued at $233,823. 

General Summary of Mineral Production. 

The mineral industry of the United States deserves to 
rank among the most important of our industries. In 1892 
approximately $670,000,000 worth of mineral products were 
won from the earth, this estimate for most of the minerals 
representing the value of the product at the mines. The 
materials thus won serve as the basis for a vast series of 
manufacturing industries and for a vast amount of exchange". 
In the industry of producing these materials, and in those 
industries which are dependent for existence upon the buj)- 
plies of mineral products, a very considerable percentage of 
our population is employed. Indeed, it would be difficult 
to imagine 4he condition of the nation if these supplies 
were not at hand. 

Even more difficult is it to estimate the importance of 



PBECIOUS STONES, ABRASiyE MATERIALS, ETC. 451 


these mineral industries in aiding the growth of the nation 
and our remarkable industrial .i)rogress. There are two 
great primary industries, — the one supplying food and cer- 
tain products for manufacture, directly or indirectly from 
agricultural supplies ; the other, the extraction of substances 
from the earth and the manufacture of materials fiom them. 
In both of these industries the United States holds a high 
rank ; but, while there may be other nations which equal our 
agricultural industry, there are none which ajjproach us in 
mineral resources. For the highest industiial development 
both of these industries should go hand in hand, and this is 
the case in the United States. 

While it may be said that industrial progress is largely 
dependent upoji uiineral resources, it is ecjually true that, for 
the highest development of these resources, a (‘crtain measure 
of progress in industry is first necessary, in the piescnt state 
of our civilization. Thus it is that the mineral resources of 
the United States are, with the exception of certain precious 
and valuable metals and a few minor substances, developed 
chiefly in the eastern states. This is even more marked 
when the whole world is considered; for the ind'^stry of 
mineral production of Euro[)e and the United Sti. s far 
exceeds that of all the rest of the world. This is partly due 
to lack of exploration, cost of transjau’tation, spaiscncss of 
population, and other similar causes; but it is also, in large 
part, due to the small degree of industrial progress. Why, for 
instance, do Mexico and the South American nations depend 
upon the European end American markets for so many 
products of the mineral industry? Certainly not for lack 
of opportunities. Japan has recognizt'd this point and has 
undertaken to learn the lessons of industrial arts which 
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Europe and America have learned by centuries of experi- 
ence in their development. The people of the western part 
of our own country and the other nations of the American 
continents liave reached the stage of production of crude 
materials for the use of those who know how to utilize 
them ; and the materials which are made from them are in 
part returned to the sections which produced the raw mate- 
rial. It 's true that tliis is in a measure the result of sparse- 
liess of population, but only partly so. The southern states 
are rapidly emerging from this stage, and the west will find 
this its next step of progress. 

When this stage is reached, population increases more 
rapidly, and the demand for materials increases. Our east- 
ern states have reached the stage where nearly all economic 
minerals have a market value, and it is for this reason that 
these states hold so.high a rank in mineral production ; for 
the region is not rich in mineral resources, and only coal, 
iron, petroleum, building-stones, and minor substances are of 
importance. The west is the great mineral region of the 
country, and, indeed, of the woild, but its resources are 
only partly developed. Iron, coal, building-stones, petroleum, 
salt, gypsum, and many minor substances are j)ractically not 
produced in that section, although all of these are abundant. 
When this region is fully developed, it is doubtful if there 
will be any necessity of looking beyond the confines of the 
nation for more than a very few mineral products. Even at 
present the number of minerals which this country finds it 
necessary to import is small, and not only do we supply our 
own needs, but we export more than we import of most min- 
eral productil^. Our total mineral exports are considerably 
in excess of the imports. 
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The rank of the nation in metallic products is given at the 
close 01 Part II. ; but the statistics for non-metallic minerals 
are less valuable, since many of them are produced for local 
consumption rather than for exportation. In the ijroduction 
of petroleum, natural gas, and phosphates this country holds 
first rank, and it is doubtful if any nation has a greater j)ro- 
ductioii of building-stone. The rank of the country in tlie 
production of coal is second, and of salt third, among the 
nations of the world. 

The following table shows the value of the mineral pro- 


duction for materials whose total value, 
11,000,000: — 

VALUE CT .Vi.'FRAL PRODUCTS OF THE 

in 1892, 

UNITED 

exceeded 

STATES.i 






I'kodiuth 

1880. 

1885. 

1890. 

1892. 

Pi^MfoiKN Y.) 


jf;r4.712,4i)<) 

^151,200,410 

.tl80,8O0,915 

liltmiiinous coal 


,S4, 205.009 

108.708,000 

122.019,010 

Anthracite coal 


7<5, (59^,000 

00,895,772 

74,024,014 

Silver (<‘oiniii}r Miluc) 

:i'j,2un,o(u> 

.51,000,000 

7o,4n5,714 

8.5,909,210 

■Building-stoiio .... 


15»,000,000 

47,000,000 

45.000,000 

Liiiio . ... . . 


20,000,000 

85,000,000 

88,5(»0,000 

Ooppor (N. Y. \ .\liie) . . 


1^,202,909 

80.980,800 

87,8.50,000 

Gold (coining ^ahie) 

ar.,o(M).ouo 

81,^01,000 

32,845,000 

• <,000,000 

Pclrolcuin ... . . 

2t,lSJ,2:t;5 

19.19>,24^’> 

85,80.5.105 

. ■ 229,128 

Lead (X. Y value) 

i>,4v2,r)(»o 

10,1(19,181 

14,200,708 

17,917,000 

Natural gas 

. . . 

4,s.57,200 

IS. 742,725 

18,000,000 

Zinc (N. Y. value) 

2,27T,-ri2 

8„‘*:i9,s.5G 

7,474,902 

7,708,580 

Cement 

l,^.V>.7nT 

8.192..500 

0,000,000 

6,586.098 

Salt 

i,s20,r)r.r. 

4.s25,8-1,5 

4,752,2s»0 

.5,879,222 

Mineral waters i 

hoOjOnn 

1,812.^^.5 

2.000,750 

8,000,000 

Phosphate rock .... 


2,?4(l,0(U 

8,213,795 

2,861,219 

Limestone for iron 11u\ ... 

3,s(M).uon 

1,0* •’4,478 

2,7G0,,S11 

2,097,600 

Zinc-white 

7(W,73S 

1.0,50,000 

1,000,000 

1,200,000 

Mercury (San Francisco value) . 

1 1,797,780 

979,189 

1,208,015 

1,119,720 

Potter’s clay 

200,457 

275,000 

756,000 

1,000,000 


^ Extracted from Rotliwell’s Mineral Industry^ 1892, pp. 4-9. 
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As will be seen, there has been a considerable change in 
the rank of importance of the various industiies since 1880. 

The following table shows the total value of the mineral 
products of the country at inteivals during the past thirteen 
years. This is exchisive of brick clays and some minor 
pi’oducts which are not considered in this treatise. 


TOT.>L VALUE OF THE MINIUIAL URODUCrS OF THE 
INirni) STATES 


Yi-AIi. 

Mi 1 \t r k 
Tkodlcts. 

Xon-Mi i VI 1 1C 

PltODl CIS 

Toial. 

1880 

S201,28 

.sl0>,440,!)0» 

^80(3,724,060 

1882 

219,W(),ol8 

22.3,408,020 

441,208,541 

1884 . . 

180,408,102 

212,()07,7.>9 

399,10>,!)21 

188G . 

215,0o8,.13i 

217,208,210 

402,S0<!,544 

1888 . 

200,02 >,9 »*> 

209, OSS, 780 

55(5,012,713 

1890 

OOS 041,907 

,] »:,()0(> ()00 

04C,.538,(>20 

1892 . 

81S,0 3S,59*> 

0'>0,9')0,280 1 

0(5!), '>97,879 


For the ten years ending 1880, the total iniiieial product 
of the United States amounted to of which 

less than one-half, or 105, 000,310 woith, were metallic 
products. In the above table it will be noticed that, while 
there has been a marked increase in the output of both 
metallic and non-metallic products, the most striking in- 
crease has been in the last-named group ; and this will 
probably be more marked in the next decade. 

The following table, prepared from materials in the 
Eleventh Census, shows the value of the mineral industries 
in the fourteen states which had an output of over 110,000,000 



PRECIOUS STONES, ABRASIVE MATERIALS, ETC. 455 


in 1889. In the case of each state the principal mineral 
products are given in the order of their importance, based 
upon their value, but the products of minor importance are 
not listed although they are included in the total valuation. 
Thus in Pennsylvania the most important product is coal, 
the second petroleum, the third natural gas, etc. For each 
industry the rank which the state holds, in comparison with 
the other states, is also given in figures : — 


MINERAL RRODFCTION OF LEADTXO STATES, 1889. 


States. 

Valfe. 

Most Important Mineral Products. 

Pennsylvania . 

$100, 870, 019 

11 1 1 

Coal, petroleum,^ natural gas, stone, iron ore. 

Michigan . . 

^>,880,02. 

1 ‘J 1 

Iron ore, copixT, salt. 

i ‘2 7 1 12 

Colorado , . 

41,120,010 

Silver, g(>ld, coal, load, stone. 

Montana , . 

ao,7o7,77o 

1 ‘2 4 

Copper, silviT, gold. 

Ohio .... 

‘J0,0.-.;i.4l!0 

Coal, stone, petrol uin, natural gas. 

New York . . 

24,100,200 

tt 1 2 2 

Stone, cement, iron ore, salt. 

California . . 

1 9,090, ;Jo4 

2 1) S 1 

1 (Jokl, stone, silver, mercury. 

Illinois . . . 

17,ll(),:U7 

; Coal, stone. 

1 S 7 12 

Missouri . . 

ir>,9;ii,57r> 

; Coal, stone, zinc uA, lead. 

Utah . . . 

11,081,019 

1 Silver, lead. 

I ift 

Minnesota . . 

11,542,108 

Iron oic, stone. 

Iowa . . . 

10,207,008 

Coal. 

13 

Wisconsin . . 

10,18.4,801 

Iron ore, stone. 

Nevada . . . 

10,144,878 

1 4- 

1 Silver, gold. 


In 1889, of the total output of tlie country, which 
amounted to ff587,280,GG2, iiH38G,GlG,r ^4 worth came iiom 

1 Including the New York output. 
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states east of the Mississippi, and 1252,083,744 worth, or 
nearly one-half of the total, came from those states east of 
the Mississippi which are partly in the Appalachians or 
which border the Atlantic. This is not so strikingly sliown 
in the above table as it would have been had the states of 
minor importance (with an output of less than $10,000,000) 
been included in the table. 

The vralue of the imports and exports of the leading 
products is shown in the following table. Aside from these, 
the exports and imports amount to only a few million dollars 
annually. 

EXPORTS AND IMPORTS OF MINERAL PRODUCTS, 1801. 


MivruALS 

Evl*OR^^. 

Imroris. 

Gold coin and bullion . . ... 

08(5,581 

^44,970,110 

Silver coin and bullion 

27,002,870 

18,102,760 

Silver ore .... . . ... 

1,602,0.51 

0,721,716 

I’etroleum . . . . . . 

4(), 174,836 


Iron, and steel, and tin ir pi oducts . . 

80, 730,442 

41,08:5,020 

Tin and terue plate 

.... 

25,000,;5()5 

Block tin . . . . ' 


8,001, :503 

Copper 

16,703,543 

l,0(i5,720 

Precious stones 


12,715,4:55 

Coal 

3,000,0001 

1,800,0001 

Cement 

130,371 

4,411,:5:50 

Lead ... 

173,887 

2,807.03:5 

Sulphur 

.... 

2,075,102 

Total .... 

^04,201,469 

$175,028,180 


In this table some manufactured articles are also included. 
If manufactured tin and the precious stones were omitted, 
our exports^ would greatly exceed our imports of mineral 
products. 


^ Estimated. 
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LITERATURE OE ECONOMIC GEOLOGY. 

This list does not pretend to be a bildiograpliy, nor is 
there even an attemi)t to refer to all of the many valuable 
general treatises upon tlie various aspects of economic 
geology. With the exception of worlds upon mining methods 
and metallurgy, these references are usually to works witli 
which the author is personally familiar. For special descrip- 
tions of localities and individual economic prodiu'.ls C)f this 
country, the files of the Ameruuia Journal of Science and 
the Enijlnccrinif and 3Hnln(j Journal are of particular value, 
and in these there are many hundred articles of this nature. 
Similar sources in other countries may be resorted to for 
accounts of the mineral products abroad ; and there, as well 
as ill this country, such descriptions are also found scattered 
through the geological literature. There is no • omplete 
bibliography of the subject.^ 

The national geological survey i-e[)()rts of the various 
countries all contain something of economic geology, and 
such descriptions usually possess great scientific as well as 
practical value. ^ In the United States very important de- 

1 Since the above was written an extremely valuable treatise, entitled Ore 
Deposits of the United Stales, by J. F. Kemp, has been published, and one 
of the most important parts of the work is ib' very complete and extensive 
bibliography. 
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scriptions of the local inilieral resources are found in the 
various state geological survey reports. Nearly every state 
in the Union has at one time or another supported a geo- 
logical survey, and at present m.iny states still have such 
surveys. In these, full description of the local economic 
geologj'' will be found. Thus the Pennsylvania reports 
contain very complete descriptions and statistics concerning 
tljp coal, oil, gas, and iron industries of the state, the 
Ohio reports contain the same with reference to that state ; 
the New Jersey geological survey publishes valuable infor- 
mation concerning the clays and iron mines; and many 
other states publish similar reports. These surveys, when 
in their best development and when properly managed, keep 
in advance of the development of the state, and show 
where valuable deposits exist and how they may be obtained. 
Thus the clay industry of New Jersey is the direct outcome 
of the work of the geological survey, the bauxite deposits 
of Arkansas were discovered by the survey of that state, and 
the oil and coal industries of seveial states owe much to the 
work of the state geologists and their assistants. Usually 
the publications of the surveys merely describe the local 
deposits ; but one state, Arkansas, has gone farther than this 
and treated the subject in hand from a broader standpoint. 
Thus this state publishes monographs upon manganese and 
novaculites, which not only describe the local deposits, but 
show the position of these products in general and the 
probable future of the local industries. This is vastly more 
valuable than the mere record of local observations and 
of local development. 

In the following list of books of reference, individual 
mention of the special articles, in the magazines and the 
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geological reports is not made, excepting in exceptional 
cases where the material is of unusual value. Nor is 
especial effort made to include European works excepting 
such English and a few continental treatises as are of 
general interest. 

TEXT-BOOKS OF MINERALOGY AND GEOLOGY. 

Dana, System of Mineralogy ^ 1892. 

Dana, Text-hooh of Mineralogy^ 

Dana, Manual of Mineralogy and Lithology. 

Bauerman, Descriptive Mineralogy. 

Bauerman, Systematic Mineralogy. 

Brush, D'^terminative Mineralogy and Blowpipe. 

Nason, Mo'^.'^ml of Qualitative Blowpipe Analysis. 

Williams, Crystallography. 

Rosenbusch, Microscopical Physiography of the Rock-Making Minerals 
(translated by Iddings). 

Rosenbusch, Mik'^osLopische Physiographic der Massigen Gesteine. 

Rut LEY, The Study of Rocks. 

Von Cotta, Rocks Classified and Described (translated by Lawrence). 
Le Conte, Elements of Geology. 

Dana, Manual of Geology. 

pRESTWiCH, Physical and Chemical Geology. 

JrKFs-IjROWNE, Physical Geology. 

Lykll, Principles of Geology. 

Geikie, Class-Book of Geology. 

Geikie, Text-Book of Geology, 1893. 


GENERAL TREATISES UPON ECONOMIC GEOLOGY. 

Phillips, Ore Deposits, 1884. 

Whitney, Metallic Weal of the United States. 

Whitney, The United States. 

Davies, A Treatise on Metalliferous Minerals and Mining, 1892. 
Davies, Earthy and Other Minerals and Mu 7 , 1888. 

Kemp, Ore Deposits of the United States, 1893. 
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LAkrs, Geology of Colo/ ado and"Wesfein Oie Deposits, 189d. 

(Kburv, Mineiah, and Miningy 1888. 

Pagi , Economic Geoloqy 

Ansti 1 ), llie ApphcnUons of Geology. 

WiLLiAAifcj, Applied Geology, IbbG 
Belt, Mineial Venifi. 

Von Cotta, A Tieatise on Die Deposits (tianslated by Prime). 

Von CoiiA, Die lAhcvon dn Ei zlaqei stattui 

Von Gui'DDECK, Die Lehe von den Lageistatten dci Eize. 

Sam>bi*r lr, Untei suchungen uba Etzganqe 
(jRiMM, Die Laqeistatten dii hutzhaitn Mmeialitn 
Sfrlo [..AiiNFR, Bei qbankimde. 

Bi R VT, Mimiaux Utdes 

Koiu\aili, 7 he Mineial lndn\tiy, etc , oj the United States, foi 1892. 
Kepoits pf the Icnlh and Eleventh C (misus on Minunl Indmtiies, etc 
Annual Repoits upon the Mineial Resow ces oj the United States (Day, 
U.S. Geol. Survey). 

SPECIAL AKTTCLES. 

PuMPFLiY, Johnsons Cyclopadia, 1S86, VI, i> 22 (article on Ore 
Deposits) 

Newhi kuy, Depo’ation of Oies {Columbia School of Mines Quarterly, 
1880, Vol V , p 1 J7) 

Le Co>Tr, Genesis, of Mctallifei ous Feins {Amei ican Journal of Science, 
18b3, Vol XXVI , pp 1-19) 

Ra.^mond, Mininq Statistics for 1870, p. 118. 

Ki Mp, The Filling of Mineial Veins {Columbia School of Mines* Quarterly, 
Xo. 1, XU I). 

Wadsworth, State Board of Geological Survey for 1891-92, p. 144. 

WORKS UPON SPECIAL SUBJECTS. 

Iron. 

PuMPFLLY, Tenth Census, Vol. XV , pp 1-GOl. 

Eleventh Census volume on Mineral Industries. 

PuMPFLLY, Geological Survey of Missouri, Report for 1872, Part I. 
WiNCHELL (N. H. and H V.), The Iron Ores of Minnesota, Bull. 6, 
Minn. Geol. Survey, 1891. 
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Irving and Van IIise, Hie Penokee Iron-hearing Series of Michigan and 
Wisconsin, Tenth Annual Report U.S. Geol. Survey, pp. 317-4 <j 8. 
Summary Final Report, Second Geol. Survey of Pennsylvania, Vols. 1. 
and II., (also forthcoming volumes). Also scattered reports in Penn- 
sylvania survey publications. 

Kendall, The Iron Ores of Great Britain, 1893. 


Gold, Silver, and Lead. 

Lock, Gold, its Occurrerue and Extraction. 

Wurj’NEY, The Auriferous (h'areh. 

Smyth, The Gold Fields of Victoria. 

Annual Reports of the director of the Mint (for Gold and Silver). 

Williams, Popular Fallacies regarding the Precious Metal Ore Deposits 
(Fourth Annual Report T.S. Geol. Survey, pp. ‘JoT-JdT). 

Lord, Comstock Mines and Mining, Monograph IV^., U.S. Geol. Survey, 
1883. 

Becker, Geology of the Comstock Lode, Monograph III., U.S. Geol. Survey, 
1882. (Also, ill abstract, Second Annual R(‘port U.S. Geol. Survey, 
pp. 293-325.) 

Emmons, Geology uid Mining Industry of Lcadcille, ( olorado, Monograph 
XIL, U.S. (ieol. Survey. (Also, in abstract, Second Annual Report 
U.S. Geol. Survey, i»p. 2()3-2<S7.) 

Curtis, The Silver-Lead Deposits of the Eureka Mining District, Nevada, 
JMonograph YIL, U.S. Geol. Survey, IShl. ( Mso, in abstract. Fourth 
Annual Report U.S. Geol. Survey, pp. 225-251.) 


Zinc, Coiter, Mercury, Manganese, Tin, and Aluminum. 

CiiAMnr.RLAiN, Geology of Wisconf>in. 1873-1879, Vol. IV., pp. 3G7-571. 
(Zinc.) 

Irving, The Copper-hearing Rocks of Lake Superior, Third Annual Report 
U.S. Geol. Suivey. pp. 89-188. (Copper.) 

PuMPELi.Y, Geological Survey of Michigan, 1809-1873, Vol. 1., Part IT. 
(Copper.) 

Becker, Geology of the Quicksilver Deposits of the Pacific Coast, Monograph 
XIIT., U.S. Geol. Survey, 1888. (Also Eighth Annual Report U.S. 
Geol. Survey, pp. 005-985.) (Mercury.) 

Eleventh Census volume on Mineral Industries, pp. 202-245. (Mercury.) 
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Le Conte and Rising, The Phenomena of Metalliferous Veinfoi'maiion 
now in Progress at Sulphur Banky California {American Journal oj 
Science, XXIV., 1882, pp. 23-33). (Mercury.) 

Le Conte, On Mineral Vein formation now in Progress at Steamboat 
Springs, etc. (Amei-ican Journal of Science, XXV,, 1883, pp. 424-428). 
(Mercury.) 

Penrosf, Manganese, Annual Report Arkansas Geol. Survey, Vol. I., 
1890. (Manganese.) 

Rotiiwell, Mineral Industry, etc., for 1892, pp. 439-462. (Tin.) 
Eleventl' Census volume on Mineral Industries, pp. 247-205 (Tin.) 
Richards, Aluminum, its Properties, Metallurgy, and Alloys, 1890. 
(Aluminum.) 

Eleventh Census, Mineral Industries, pp. 277-284. (Aluminum.) 

Mineral Resources oj the United States, 1891, pp. 147-103. (Aluminum.) 
Rotiiwell, Mineral Industry, etc., of the United States for 1892, pp. 
11-18. (Aluminum.) 


Coal. 

Leavitt, Facts about Peat. 

Shalek, General Account of the Fresh Water Morasses of the United States, 
Tenth Annual Repoit U.S. Geol. Survey, pp. 261-338. 

Willis, The Lignites of the Great Sioux Reservation, Bull. 21, U.S. Gteol. 
Survey, 1885. 

Dumble, The Lignites of Texas, Texas Geol. Survey, special report. 
Hayden Reports — jGeol. Survey of the Territories. 

Smyih, a Rudimentary Treatise on Coal and Coal Mining. 

MacFarlane, Coal Regions of America. 

Lesley, Manual of Coal and its Topography, 1856. 

Lesqueueux, On the Vegetable Origin of Coal. Annual Report Second 
Geol. Survey of Pennsylvania, 1885, pp. 95-124. 

Lesley, Forthcoming repoit Pennsylvania Geol. Survey, Summary Final 
Report, Vol. III. 

Hull, The Coal Fields of Great Britain. 

White, Comparative Stratigraphy of the Bituminous Coal Field of the 
Northern Half of the Appalachian Field, Bull. 65, U.S. Geol. Survey, 
1891. 

Eleventh Cenwis volume on Mineral Industries, pp. 343-422. 

Mineral Resources, 1891 (Day, U.S. Geol. Survey), pp. 177-402. 
Pennsylvania Geological Survey Reports, particularly Reports AA and AC. 
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Petroleum. 

Crew, A Practical Treatise on Petroleum, 

Orton, The Trenton Limestone as a Source of Oil and Natural Gas in Ohio 
and Indiana^ Eighth Annual Report U.S. Geol. Survey, 1889, pp. 
475-662. 

Tenth Census Report, Vol. X., pp. 1-319. 

Eleventh Census Report on Mineral Tndustrie^^ pp. 425-591. 

White, The Manninyton Od Field, Bull. Geol. Society America, Vol. e3, 
1892, pp. 187-216. 

Lesley, Summary Final Report Pennsylvania Geol. Survey, Vol. IT., 
1892. 

Pennsylvania Geological Survey Reports, particularly 1 5, TTI and Annual 
Report, 1880, Part 11 (the latter containing a complete bibliography 
of Petroleum). 

Ohio Geological Survey Reports. 

BuiLDIXG-SrONFS, ETC. 

Merrill, Stones for Budding and Decoration, 1891. 

Hull, A Treatise on Budding and Ornamental Stone of Great Britain and 
Foreign Countries. 

Burnham, Limestone and Marble, 1883. 

Tenth Census volume on Building-Stones. 

Eleventh Census volume on Mineral Industries, pp. 595-666. 

Smock, Building-Stone in New York, Bull. New York State Museum, 
1888. 

Shaler, Geology of Cape Ann, Massachusetts, Ninth Annup' Report, 
U.S. Geol. Survey, pp. 529-611. (Granite.) 

Harris, Granites and our Granite Industries. 

Davies, A Treatise on Slate and Slate Quariying. 

Roth well’s Mineral Industry, etc., pp. 49-50. (Cement.) 

Mineral Resources of the United States for 1891, pp. 529-538. (Cement.) 

Soils, Clays, FFRTiLi.5rus, etc. 

Shalfr, The Origin and Nature of Soils, Twelfth Annual Report U.S. 

Geol. Survey, 1892, pp. 213-345. (Soils.) 

Johnson and Cameron, Elements of Agricultural Chemistry and Geology. 
Hill, Mineral Resources of the United States for 1891, pp. 474-528. 
(Clays.) 
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PLNKOsr, llie Nature and Origin of Phosphate of Lime, Bull. 46, U.S. 
Gf*ol. Survey. (Fertilizi*rs.) 

Hiil, The Occuncnce of Artebian and other Underground Waters in 
Texas, etc. (Ai;iiciiltuial Dept.). (Aitesian Wells.) 

C^iiAMUERLAix, The lUquisite and Quah/qing Conditions of Artesian’ Wells, 
Fifth Annual Kepoit U S. Geol. Suivov, pp 1*J5-173. 

Peale, Eleventli Census, volume on Mineral Industries, pp. 779-787- 
(JMineral Wateis.) 

^liscuLANLOus Minerals. 

Streftfr, Precious Stones and Gems^ 1892. 

Kfnz, (hms and Pienous Stones, 1892. 

Griswold, Whetstotas and Novacnlites of Arkansas, Annual Report 
AikanScis Geological Suivey foi 1890, Vol. 111. 

CiiAiARi), Salt-Making Piocesses in the UniUd States, Seventh Annual 
Ropoit rS Geol Suivey, pp. 497-527. 

Jo\i»s, Asbestos, itb Piopeities and Occwience, 1890. 

.AIINEKAL STATISTICS. 

llornwnT, The Mineial Indu^tiij, etc , of the United States tor 1892. 

I)a\, Resow ces of the United States ( \nnucil Kepoit issued by 

tlie U.S. Geol. Suivey). Albo eailier voluineb edited by Williams, 
etc. 

Tenth Census Reports upon Mineral Products. 

Plevenlli Census volume on Mineial Industues, 

Pi oduction of Gold and Silut in the United States (Annual Report 
Dnectoi of the Mint). 

Taylor (revibcd by Iloldeman), Statistics of Coal. 

MINING METHODS. 

Davies, A Treatise on Metalliferous Minerals and Mining, 1892, pp. 314- 
490. 

GrefNwfll, Mine Engineering, 1889. 

Balcii, The Mines, Miners, and Mining Interests of the United States in 
1882. 

Hunt, British Mining, 1884. 

MicnELL, Mine Drainage, 1881. 

.^Abl, Mining Accidents and their. Prevention, 1889. 
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Kunhardt, The Practice of Ore Dressing in Europe^ 1884. 

Lock, Mining and Ore Dressing Machinery, 1890. 

Andrk, a Treatise on Mining Machinery, 1877. 

Bowie, A Practical Treatise on Hydraulic Mining, 1885. 

Whitney, Auriferoxis Gravels. 

Hughes, A Text-Book of Coal Mining, 1802. 

Andre, A Practical Treatise on Coal Mining, 1879. 

Pamely, The Colliery Manager* s Handbook, 1891. 

Walton, Coal Mining Described and Illustrated. 

Booth, Marble Workers* Manual. 

AIJ.OYS AND METALLURGY. 

Bran NT, Metallic Alloys, 1889. 

Hiorns, Mixed Metals, 1890. 

Bauehman (revision of Phillips), Elements of Metallurgy, 1891. 
Phillips, Elements of Metallurgy, 1874. 

Roberts-Aijsi '-.N, An lntr> luction to the Study of Metallurgy, 1892. 
Overman, Treatise on Metallurgy. 

Bloxam, Metals, their 1 Properties atid Treatment. 

Makins, A Manual of Metallurgy. 

Mitchell, A Manual of Practical Assaying. 

Ricketts, Notes on Assaying. 

Hiorns, Practical Metallurgy and Assaying, 1888. 

Howe, The ^Ictallurgy oj Steel, 1891. 
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190, 258. 

Cerrusite, 20. 228. 

Ceylon, graphite in, 411. 

Cbalcocite, 22, 208. 

Chalcopyrite, 22, 180, 208. 

Chamber deposits, 80, 81. 

Chailarcillo, Chili, silviT mines. 197. 

Chateaugay, New York, iron mines, 
129. 

Chemical ore deposits, 80, 82. 

Chemically precipitated rocks, 00. 

Chert, 125. 

Chestor, Massachusetts, c aery de- 
posits, 427. 

Child’s Valley, California, magnesite 
deposits, 407. 

Chili, borax in, 405. 
cobalt in, 294. 


Chili, cohalt production of, 296. 
copper in, 209, 217, 220. 
copper production of, 226, 227. 
gold production of, 160, 107, 175. 
guano exports (d, 407. 
maiig.iiiese in, 267. 
mangam'sc production of, 272. 
phosj)liate productiun of, 411. 
silver in, I'.lT. 

.silver production of, 197, 200. 
Chino, gold in, 166. 

gold production of, 174. 
iron ores of, 135. 
natural gas in, 352. 

Cliincha Island'., Peru, guano de- 
posits, 406. 

Chlorite, origin of, 9. 

Chrome gii'iui, 299. 

Chrome iron, 177. 

( ‘hroine ste(‘l, 299. 

Chrome yellow, 299. 

(diromit(‘, 1 1, 299. 

(’hromiiim, occurrence of, 299. 
foreign, 300. 

I'liited States, 299. 
origin of, 2‘99. 

prodiK'ti »n of, California, 307. 

United States, 30(», 304, 305. 
uses of, 2t)9. 

Chrysocolla, 22, 26S. 

Chry.sotile, 15, 447. 

occu»’rence of, Canada, 448. 
(dnnahav, 24, 253, 260. 

Clastic, dennitioii of, 28. 

Clay iron stone, 19. 

Clay rocks, 2t). 

Cla]y.s, 3rM. 399. 

distribution of, 401. 
oocurreiice of, 101. 
treatises tm, 463. 
uses of, 400, 401. 

Clay sel'uige, 99. 

Claystone, 29. 

CMausthal district, Germany, 198, 230. 
Cleavage, delinltioii of, 6. 
slaty, 373, 374. 

Clifton copper district, Arizona, ‘J5. 
Climate i. -Carboniferous period, 327. 
Clinton, New York, red hematite, 123. 
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Clinton ore bed, extent of, 123. 

origin of, 123, 124. 

Coal, 311. 

analyses of, 312. 

Appalachian district, 314, 315. 
areas in the United States, 313. 
as a part of the earth’s crust, 11. 
association with iron, 317. 
consumption of in United States, 
331. 

discovery of in United States, 315. 
disti bution of, 312.| 
exports of, 331, 460. 
future of, 332. 
imports of, 331, 450. 
occurrence of, Alabama, 315. 
Alaska, 318, 310, 320. 

Central Area, 313, 318. 
Colorado, 319. 

Europe, 312, 320. 
foreign, 320. 

Georgia, 315. 

Kentucky, 315. 

Maryland, 315. 

Northern Area, 313, 318. 

Nova Scotia, 314. 

Ohio, 315. 

Pacific Coast Area, 313, 319. 
Pennsylvania, 315. 

Rhode Island, 314. 

Rocky Mountain Area, 313, 
319. 

Tennessee, 316. 

Texas, 318. 

United States, 312. 

Virginia, 315. 

Washington, 320. 

Western Area, 313, 318. 

West Virginia, 316. 
origin of, 32, 311, 321-320. 
price of, 334. 

production of, Alabama, 317, 333, 
334. 

Appalachian field, 321. 
Austria-Hungary, 336. 

Belgiw, 335. 

Central field, 321. 

Colorado, 333, 334, 455. 

France, 335. 


Coal production of Germany, 335. 
Great Britain, 335, 336. 
Illinois, 333, 334, 465. 

Indiana, 333. 

Indian Territory, 334. 

Iowa, 333, 455. 

Kansas, 334. 

Kentucky, 333. 

Maryland, 333. 

Missouri, 333, 455. 

New England field, 321. 
Northern field, 321. 

Ohio, .333, 334, 456. 

Pacific Coast field, 321. 
Pennsylvania, 333, 334, 456. 
Rocky Mountain field, 321. 
Russia, 335. 

Spain, 336. 

Tennessee, 334. 

United States, 321, 331, 333, 
334, 335, 330, 453. 
Washington, 334. 

Western field, 321. 

West Virginia, 317, 333. 
World, 336. 
treatises on, 462. 
uses of, 331. 

Coastal plains, 52. 

Coast Range, period of formation of, 
69. 

Cobalt, 292. 
blue, 295. 
minerals, 13, 26. 
occurrence of, 294, 303. 

Chili, 294. 

New Caledonia, 293, 294. 
Norway, 293. 

IVnnsylvania, 293. 

Sweden, 293. 
origin of, 294. 
production of, Chili, 296. 

New Caledonia, 296. 

Prussia, 296. 

United States, 296, 304, 305. 
uses of, 296. 

Cobaltitc, 14. 

Ccour d’Alene, Idaho, silver-lead 
mines, 191, 235, 240. 

Coke, 332. 
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Cologne, Germany, zinc deposits, 
230, 246. 

Coinage gold, character of, 171. 
Coinage of gold, 172. 
platinum, 177. 

Sliver, 201, 204. 

Colombia, gold production of, 100, 
174. 

platinum in, 177. 
platinum production of, 178. 
salt production of, 434. 
silver in, 107. 
silver production of, 200. 
Colorado, anthracite in, 319. 
artesian wells in, 418. 
brown hematite in, 143. 
building-stone production of, 383, 
381, 380, 455. 
coal in, 310. 

coal production of, 333, 334, 455. 
copper in, ‘MO 

copper production of, 224, 307. 
gold in, 158. 

gol<l production of, 173, 307, 455. 
granite production ot, 308. 
iron production of, 130, 143. 
lead in, 233. 

lead production of, 240, 241, 307, 
455. 

manganese jiroduetion of, 271, 
272. 

metal production of, 305. 
mineral production of, 455. 
uiineral w.ater jiroduction of, 420. 
nickel in, ‘202. 
petroleum in, 337, 338, 330. 
petroleum producticm of, 348. 
san(lst(me ^mxluction of, 371, 372. 
silver in, 181, 180. 
silver production of, 204, 205, 
307, 455. 

Columnar liematite, 10. 

Comb structure, 08, 09. 

Comstock Lode, 181. 
bonanzas in, 184. 
galleries in, 108. 
heat in, 108, 184. 
histoi-y of, 182. 
occurrence of ore, 185. 


Comstock Lode, origin of ore, 180. 

production of, 150, 184, 205. 
Concentrated contact ore deposits, 
80, 03. 

Concentration of ores, 103, 110. 
(Concretionary action, 89. 

ore deposits, 80, 80. 

Conglomerate, ‘20. 

(Connecticut, building-.stone produc- 
tion of, 383, 384, 380. 
granite production of, 308. 
limestonfeproductiun of, 380. 
nickel in^02. 
sandstoiK' in, 300. 
sandstone ])ro(liictioii, 371. 

Contact ore deposits, 80, 92. 

metamorphism, 92. 

Copper, 208. 
alloys of, 222. 

consumption in Ignited States, 224. 
distribution of, 220. 
exports, 450. 
imports, 225, 450. 
miiieralogical association of, 208, 
‘221. 
native, 22. 

occurrence of, 208, 221, 30*2. 
Africa, 210, 220. 

Ai)i)alacliian States, 209. 
Arizona, ‘200, 215. 

Australasia, 210. 

Austiia, 208, 210. 

Bolivia, 218. 

Calilurnia, 210. 

(Canada, 220. 

Chili, 200, 217, 220. 

Colorado, 210. 

England, ‘208, 210. 

(iermany, ‘208, 218, ‘2‘20. 

Italy, 210. 

Japan, 218, ‘2‘20. 

Mexico, 220. 

Michigan, ‘200. 

Montana, ‘200, 214. 
Newfoundland, 2‘20. 

New Mexico, ‘210. 

Norway, 210. 

1 1, 218. 

Portugal, 210, 220. 
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Copper, occurrence of, Russia, 219. 
Spain, 209, 210, 220. 

Sweden, 219. 

United States, 209. 

Utah, 210. 

Venezuela, 217. 

Vermont, 209. 
ores of, 22 
origin of, 220, 222. 
price of, 224, 227. 
production of, 224. 

A'rica, 220, 227. 

Arizona, 224, 22oPfeo7. 

Asia, 220, 227. 

Australa.sia, 220. 

California, 224, 007. 

Chili, 220, 227. 

Colorado, 224, o07. 

Europe, 220, 227. 

Germany, 226, 227. 

Japan, 220, 227. 

Lake Superior district, 210. 
Maine, 225. 

Mexico, 220. 

Michigan, 224, 225, 307, 455. 
Montana, 215, 224, 225, 307, 
455. 

New Hampshire, 225. 

New Mexico, 224. 

North America, 220, 227. 
Portugal, 220, 227. 

Russia, 220. 

South America, 220, 227. 
Spain, 220, 227. 

United States, 224, 225, 220, 
227, 304, 305, 453. 

Utah, 224. 

Venezuela, 220, 227. 

Vermont, 225. 

World, 220, 227. 

Copper pyrites, 22, 

Copper Queen mine, Arizona, 210. 
Copper, treatises on, 401. 
uses of, 222, 223. 

Copperfleld, Vermont, copper mine, 
209. 

t 

Coquina, 370. 

Cordilleran region, economic re- 
sources of, 04. 


Cordilleran region, general features 
of, 03. 

Cordilleras, abundance of metals in, 
95, 300. 

as a source of lead, 228. 
bauxite in, 285. 
borax in, 435. 
building-stone in, 384, 385. 
dessicated lakes in, 04. 
gold fields of, 158. 
gypsum in, 404. 
marble in, 381. 
salt in, 430, 432. 
silver in, 181. 
till in, 275. 
zinc in, 243. 

Cornwall, England, copper of, 219. 
inrtueiice of rock ou veins, 102. 
lead mines of, 237. 
silver occurrence of, 199. 
stockwerks in, 80. 
tin mines of, 277, 278, 280, 281. 

Cornwall, Pennsylvania, iron mines, 
131, 138, 140. 

Coronado, Arizona, copper mines, 
215. 

Corundum, 13, 25, 284, 425, 427. 
in-oductioii of United States, 429. 

Corundum Hill, North Carolina, cor- 
unduin of, 427. 

.sapphire of, 423. 

Country rock, 98, 09. 

Course, 100. 

Cradle, 111. 

Creedc, ('olorado, silver mines, 189. 

(hetaceous coals, 314, 318, 319, 320. 

Cretaceous e.oastal plains, 55. 
economic products of, 50. 

Cretaceous laud areas, 09. 

Criiiiora, Virginia, manganese district, 
204. 

Cross-cuts, 105, 106. 

Cross-section, 101. 

(h-yolite, 25, 284, 440. 

Crystalline structure, 2. 

Cuba, manganese in, 206. 

manganese production of, 272. 

Cuprite, 22. 

Cut-off plane in granite, 305, 360. 
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Dakota, gold production of, 173, 307. 
Dalmatia, California, gold mines, 152. 
Dannemora, Sweden, magnetite of, 
134. 

Davis, Massachusetts, iron pyrite 
mines, 301. 

Davy, experiments on aluminum, 280. 
Delaware, granite production of, 308. 
Delta soils, 395. 

Dendrites, 24. 

Developing veins, 105. 

Deville process of extracting alumi- 
num, 280. 

Devonshire, England, copper in, 219. 
lead In, 237. 
silver in, 199. 
tin in, 278^ 

Diabase, use as granite, 307. 
Diamonds, character of, 12. 
occurr#*n< <^alifornia, 423. 
Georgia, 423. 

Montana, 422. 

North Carolina, 423. 
production of, Unilt'd States, 424. 
use for abrasive purposes, 425. 
Diaspore, 284. 

Diatom aceous earth, 32. 

Diatoms, 420. 

Dickerson, New Jersey, iron mine, 
143. 

Dikes, 37. 

Diorite, use as granite, 307. 

Dip, 51, 100. 

Dip-fault, 61 . 

Disintegi’ation of rocks, 391, 392. 
Disseminated eruptive ore deposits, 
80. 

Divider, 88. 

Dolomite, 10, 247. 

Douglas Island, Alaska, gold deposit.s, 

100 . 

Downthrow of fault, 50. 

Drainage of mine, lOC. 

Dressing of ores, 103. 

Drifts, 107. 

Drive, 100. 

Droppers, 102. 

Durango, Mexico, tin in, 281. 


£. 

Eastern Archean Mountains, eco- 
nomic products of, 59. 
general characters of, 58. 

Eastern slates, spelter production of, 
250. 

zinc production of, 250. 

Economic geology, treatises on, 459. 
Effusive rocks, 30. 

Ekatcrinoslav, Eussia, mercury in, 
257. 

Elaleritc, 3^ 

Electrolytic process of extracting alu- 
minum, 280, 287. 

Elemt‘nts, eombinations of, 3. 
eoinpti.siiig the earth’s crust, 1. 
metals and metalloids, 3. 
liative, 1. 

Emery, 425, 427. 
imports of, 427. 
oeeiuTeiiee in Georgia, 427. 
Massachusetts, 427. 

North Carolina, 427. 
production ofCnited States, 429. 
England, coi)per in, 208, 219. 
lead in, 237. 
tin in, 277. 

Eru[>tive ore deposits, 80. 

Eruptive rocks, geological age of, 
42. 

Erzgebirge, Germany, tin in, 278. 
Estuarv theory for origin of coal, 
323. 

Eureka oirtUict, Nevada, 

Euroi)e, coal iu, 312, 320. 

copper production of, 220, 227. 
manganese in, 207. 
silver in, 197, 199. 
zinc in, 24 • . 

Exports of cement, 456. 
coal, 331, 450. 
copner, 450. 
gold, 450. 
iron, 145, 450. 
lead, 450. 

mineral i)roducts, 456. 
petroleum, 456. 
silve. 150. 

Extrusive rocks, 36. 
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Fault, 60 

Fault breccia, 29, 77 
Faults, effect of on veins, 101 
1 ee(ki-s, 102 

ttldbpai 111 the rocks, 6, 10 

production of United StaUs, 101, 
402 

use of foi potteij , 401 
Ferro niani?anest 270 
Fertiliz s, kinds of, 402 
yhosi liatic, 406 
treatise s on, 404 
Fibrous tile, 415 

oecuiienie in I nitcd States, 440 
Findla\, Ohio, gas legioii, do2 
Finlind, gold in, 104 
tin in, 270 
Fire claj s, 400, 401 
I issure vmis, 80, 81 
> lags, 27 3 

h lat openings, 230, 232 
hlats 2)1 

1 lixseed iron ore, 20, 123 
Hint, concretions of, 80 

produ(tion of in Lnited States, 
402 

use for pottery 401 402 
Flood pi nil soils, 10 j 
Horen ce, Colorado, petroleum fit Id, 
3)0 

Florida, phospliates in, 407, 408 
phosphate pi oduction of, 409 
pi iins, 64 
Hucean, 08, 90 
Huoiite, 17, 140 
Hux, Use of, 114 

list of liiiu Slone for, 378, 370, 380 
Foot wall, 99, 106 

>orest of Dean, (ireat lliitain, iron 
mines of, 13) 

Forest on Malaspina glacier, Alaska, 
328, 329 

Fossil hematite ore, 20, 110, 123 
Fragmental, definition of, 28 
rocks, oi c,in of, 31 
Frame, 112 

France, aluminum production of, 291 
bauxite in, 285 


France, bauxite production of, 291 
coal production of, 336 
lead in, 237, 238 
manganese in, 207 
phosphite in, 410 
manganese in, 207 
silvti in, 198 
silvfci production of, 200 
tin in 278 

Iiinklm J uiiiace, New Jersey, zme 
deposit, 20, 114, 244, 203 
Franklmite, 20, 23, 243 
1 itdonia, Ni w York, gas wells, 361 
1 Ht coinage of silvtr, 202 
Ireestono, 370 

1 leibeig, distiict Geimany, 198, 230 
hiench biihr, 427 

1 icnch Ciuiana, phosphate production 
of, 411 

G 

Galena, 22, 180, 181, 228 
Gall 111 limestone, 229 
(laknite, 22 

Gilicia, Austria, ozokerite in, 357 
(iiiigut, 17, 97 
Garnets, 423 

])iodu( tion of I lilted States, 424 
(lainn rite, 292, 294 
(jish \tins, 80, 84, 2)0, 232 
in Mis-iissippi \ illty, 84 
G IS )line, )47 
Gems, 11111)01 ts of, 425 
(it odes, 8 > 

(jtographieal zones in the United 
States, 52 

Geological assot lation of ore deposits, 
94 

histoii of the Lnited States, 05 
map, 100 

surveys , state and national, 457 
ttx! books, 4 j 9 
Georgia bauxite in, 286 
biuxite production of, 291 
brown brmatite in, 121 
brown hi inatite production of , 144 
coal in, 315 
diamonds in, 423 
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Georgia, gold in, 148. 

granite production of, 368. 

iron production of, 131), 143. 

manganese in, 263, 264. 

manganese production of, 271, 307. 

marble in, 381. 

marble production of, 383. 

red hematite production of, 143. 

Germany, aluminum production of, 
290. 

bauxite in, 285. 

coal production of, 335. 

copper in, 208, 218, 220. 

copper production of, 226, 227. 

gold coinage of, 172. 

gold in, 165. 

iron ores of, 134. 

iron pyrite production of, 301. 

lead in, 236. 

lead production of, 242. 

lithogr’pl'k .-?ne in, 442. 

manganese in, 268. 

mercury in, 257. 

nickel production of, 296. 

petroleum produ(;tion of, 349. 

salt production oj, 434. 

silver in, 197, 199, 294, 205. 

silver production of, 198, 206. 

tin in, 278. 

tin production of, 283. 
zinc in, 236, 245, 246. 

Germany and Luxemburg, iron pro- 
duction of, 146. 

Gibbsite, 284. 

Gilsonite, 355, 356. 

Glacial clays, 400. 

Glacial period, economic effects of, 70. 

Glacial soils, 396, 307. 

Glaciation during Pleistocene, 70. 

Glassy structure, 2. 

Glens Falls, New York, marble, 381. 

Globe copper district, Arizona, 210. 

Globigerina ooze, 31. 

Gneiss, characters oi, 39. 
use as granite, 366. 

Gogebic, Wisconsin, iron range, 140, 
143. 

Golconda, Nevada, manganese de- 
posit, 266, 270. 


Gold, 20. 

alloys of, 171. 

bearing conglomerates in Aus- 
tralia, 168. 
origin of, 168. 
bearing gravels, 154. 
origin (4’, 155. 

bearing sandstone. Black Hills, 
168. 

quartz, origin of, 169. 
circulation of, 167. 
coinage, 171, 172. 
amount of, 172. 

conditions of accumulation, 147. 
effect of weathering upon, 103. 
t‘X})orts of, 456. 

extraction by amalgamation, 113. 
Jields of Galiforuia, development 
of, 150. 

early histf)ry of, 149. 
fields of the Cordilleras, 158. 
foil, 249. 

foreign regions, 161. 
fiitunj of, 159. 
imports of, 456. 
occurnmee of, 108, 303. 

Afrua, 165. 

Alaska, 160. 

Altai Mountains, 164. 
Ap})alacliian Mountains, 147. 
Australasia, 161. 

Austria, 165. 

C alifornia, 148. 

Caiiauci, 167. 

Caucasus Mountains, i64. 
China, 106. 

C 'dorado, 158. 

Finland, 104. 

Georgia, 148. 

Germany, 165. 

Hungary, 165. 

India, 106. 

Japan, 100. 

Mexico, 167. 

Montana, 168. 

Nevada, 159. 

New South Wales, 162. 

Nfc Zealand, 162. 

North Carolina, 148. 
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Gold, occurrence of, Nova Scotia, 108. 
Queensland, 162 
Hussia, 1()1 
Siberia, 1(>3 
South Afiiti, 104 
South Amci ica, 106 
South Carolina, 148 
South Dakoti, 168 
Tasmania, 105 
Trans\aal, 104 
^Tials, 103 
' ictoiia, 101 
Yukon valley, 100 
origin of, 108 
pioduction of, 171 
Afiica, 174, 175 
Alaska, 101, 173 
Appalachian field, 148. 
Aiizona, 173 

Australasia, 16.3, 174, 176 
Austria-Hungary, 176 
Hohvia, 166 
Brazil, 106 
British Guiana, 176 
Cahfoinia, 175, 307, 466 
Canada, 107, 176 
Chih, 106, 167, 176 
China, 174 

Coloiado, 173, 307, 466 
Colombia, 166, 174 
Dakota, 173, 307 
Idaho, 173 
India, 166, 174. 

Mexico, 175 
Montana, 175, 307, 465 
Nevada, 173, .307, 455 
New Mexico, 175 
New South Wales, 102 
New Zealand, 162 
Oregon, 173 
Peru, 100, 167 
Queensland, 162 
Russia, 164, 174, 176. 

South Africa, 166 
South Carolina, 17.3 
United States, 173, 174, 175, 
304, .306, 453 
Utah, 173. 

Venezuela, 175. 


Gold production of Victoria, 161. 
World, 174, 176, 203 
quaitz production of. United 
States, 424 
segregation of, 170. 
segregation veins of, 162. 
souice of, 147 
treatises on, 401. 
uses of, 170 
washing, 155 
Gossan, 08 
Gotliiti , 10, 119 
Gouge, 09 

Gouvtnuur, New York, fibrous talc 
deposits, 446 
Giahamite, 356 
GraniU , .360 

blind seams in, 365 
blotches in, 302 
Chirac teis of, 360, 301 
coloui of, 361 
distiibution of, 384 
dui ability of, .502 
gietn seams in, 366 
joint plants in, 3()3, 364, 305 
occunence of, .501 
production of, California, 368 
Colorado, 568 
Connecticut, .368 
Delaware, 368 
Georgia, .568 
Maine, .368 
Maryland, 308 
Mass u husetts, .368. 

Missouii, 368 

New England Slates, 308. 

New Hampshire, .508. 

New Jersey, 368 
New York, 508 
Pennsylvania, 308. 

Rhode Island, 308 
South Dakota, .508 
United St itfs, 568 
Vcrmmt, J68 
Virginia, >(>3 
Wisconsin, 568 
nft m, 303, .566, 500 
sap in, .303 
stones sold as, 306 



INDEX. 


485 


Granite, texture of, 361. 
uses of, 861, 367. 
weatliering of, 363. 

Graphite, 11, 311,441. 
imports of, 441. 

production of, United States, 441. 
Graphitic anthracite, Rhode Island, 
311, 314, 441. 

Great Basin, natural soda in, 437. 
origin of, 64. 

Great Bonanza of Comstock Lode, 
185. 

Great Britain, coal production of, 
335, 336. 

gold coinage of, 172. 

iron in, 133. 

iron production of, 146. 

iron pyrite production of, 301. 

lead in, 2:>7. 

lead production of, 242, 243. 

mangfviA.'K i.i, 

manganese production of, 272. 
nickel production of, 206. 
nickel-cobalt in, 203. 
phosphate production of, 411. 
salt pr(«l net ion of, 434. 
silver coinage of, 204. 
silver in, 100. 

.spelter production of, 252. 
tin production of, 283. 
zinc in, 237, 246. 
zinc production of, 252. 

Great Salt Lake, salt from, 430. 
Greece, chromite in, 300. 

Greenland, nativa* iron in, 81, 110. 
Green seams in gianite, 365. 
Grindstones, 425, 427. 

occurrence of, California, 427. 
Michigan, 427. 

Ohio, 427. 

South Dakota, 427. 
production of. United States, 420. 
Ground mica, 444. 

Ground plan, 101. 

Guadalajara, Spain, silver mines, 108. 
Guadalcazar, mercury mines, 258. 
Guanajuata, Mexico, silver deposits, 
103. 

Guano, 406. 


Guano exports from Chili, 407. 

occurrence in Argentine Reimblic, 
407. 

South America, 400. 

Uruguay, 407. 

Gypsum. 13, 350. 

association of, vrith salt, 404, 431, 
432. 

imports of, 405. 
occurrence of, 403. 

in Cordilleras, 404. 
origin of, 404. 

production ot, California, 405. 
Iowa, 405. 

Kansas, 105. 

Michigan, 405. 

N(‘w Vork, 405. 

Ohio, H)5. 

South D.ikota, 405. 

United Slates, 405. 

Utali, 405. 

Virginia, 405. 

use as a fertilizer, 402, 403. 
use in jewelry, 123. 

II. 

Hade, 50, 100. 

Hanging wall, 00, 106. 

Ilarnej’s Peak, South Dakota, tin 
niiiK's, 276. 

Harz Monnlains, manganese mines, 
268, 270. 

Heat in Conistoek Lode, ' 

Heat in mines, 108. 
ll(‘avy spar, 448. 

Hemat.t(‘, 10, 110, 120. 

occurrence of, 135, 302. 

Ilnidostan oilstone, 420. 

Hibernia, New Jer.sey, iron mine, 128. 
Horizontal shaft, 106. 

Ho"*nMende, as a rock-forming min- 
eral, 7, 10. 

Horn silver, 21. 

Horse, 00. 

Hot springs, association of, with 
mineral veins, 86. 

Huauca\ ica, Peru, mercury mine, 
267. 
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Iluancliaca, Bolivia, silver mine, 196 
Hungary, boiax in, 435 
gold in, 1(56 

iron pyrite production of, 301 
nickel production of, 290 
salt production of, 434 
ITjdrated sesquioxide of iron, 119 
H>diaulic cement, 387 
an ilyses of, 388, 3b0 
production ot Indiana, .389. 
entucky, o80 
i\ew Yoik, 387, 389 
Peimsyhania, 300 
United States, 389 
Hydraulic ek vator, 15(> 

Ilydiaulic mining, 111, 153 
Hydraulic mining, suspension of, 156 

I 

Idaho, gold pioduction of, 173 
lead in, 2 55 

lead production of, 240, 241, 307 
silver in, 100 

silver production of, 20 4 2 0 5 507 
Idna, Au&trii, mercuiy mine, 256 
Igneous rocks, .34 
classihcation of, 3o 
position of, .37 
thesouice of metals, 72 
vaiiation in, 34 

Illinois, building-stone production of, 
383, 384, 38(j, 43) 
coal pioduction of, 335, j34, 4j 3 
lead in, 220 

limestone pioduction of, 379, 380 
mineral produets of, 43) 
spi Itei production of, 250, 252 
Impoits of United States, asbestos, 
448 

asplialtum, 357 
conn nt, 390, 450 
coal, 331, 466 
copper, 225, 456. 
emery, 427 
gems, 421. 
gold, 456 
graphite, 441. 
gypsum, 405 


Imports of United States, iron, 146, 
456 

iron pyrite, 300. 
lead, 466 
marble, 382 
millstones, 428 
mineral prcxlucts, 466 
miiieial waters, 420 
nickel, 296 
piecious stones, 456. 
sih<i 4)(> 
sulphui, 440, 456 
till, 456 

Impregnation on deposits, 80, 88 
India, g >ld in, 160 

gold pi hIiu tion of, 166, 174 
miea in, 44 3 
silvei coina-,e of, 204 
Indiana, biiilding-stone production of, 
383, 3S4, 580 
coal prod III lion of, 333 
hydraulic cement production of, 
38<) 

limestone production of, 379, 
580 

natnial gis in, 351 
nituiil gis pioduction of, 364, 
3 j5 

oilstones ol, 429 
pctiokum in, 3 57 
pcti oleum pioduction of, .348 
Indiui leiiiti)i>, coal production of, 
5 54 

Indigenous soils, 591, 394 
Infusoiia, 420 

Infusoiiil earth, 32, 425, 426 

pioduction of I lilted States, 429 
Intruded sheets 37 
Intrusivi rocks, 57 
Iowa, coal luodiictioii of, 333, 455 
gypsum production of, 405. 
lime stone production of, 379 
mmeial pioduction of, 466, 

/me produetion of, 251. 

Inelium, 21,179 

Iridosmium, 177, 170 

Ireland, lead oceuirence in, 2.37. 

Iron, 119 

alloys of, 136 
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Iron, association of manganese with, 
263 . 

association with coal, 317. 
carbonate, 119. 

conditions necessary for profitable 
extraction of, 119. 
distribution of, 137. 
exports of, 146, 460. 
hat, 98. 

imports of, 146, 460. 

Mountain, Missouri, iron mines, 
120, 130, 143. 
native, 18. 81, 119. 
occurrence of, 18, 136, 302. 

Africa, 136. 

Asia, 136. 

Australia, 136. 

Austria, 134. 
lielgium, 134. 

Canada, 136. 

foreign, 133. 

Germany, 131. 

Great Hritain, 133. 

Italy, 136. 

Norway, 134. 
l*ortugal, 136. 

South Anu'rica, 135. 

Spain, 134. 

Sweden, 134. 
ores of, 18, 119. 

manga nilenms, 203. 
production of Alabama, 307. 
Colorado, 139, 143. 

Georgia, 139, 143. 

Germany and Luxemburg, 140. 
Groat Britain, 140. 

Michigan, 138, 139, 144, 146, 
307, 466. 

Minnesota, 139, 142, 141, 14r), 
465. 

Missouri, 139, 143. 

New Jersey, 139, 143. 

New York, 138, 141 111, 146, 

307, 466. 

Ohio, 139, 143, 144. 
Pennsylvania, 138, 140, 144, 
145, 307, 456. 

Spain, 140. 


Iron production of Tennessee, 139, 
143. 

United States, 144, 145, 146, 
304, 305, 463. 

Virginia, 139, 142, 144, 145. 
West Virginia, 144. 

Wisconsin, 139, 142, 307, 465. 
World, 146 
pyrite, 18, 119, 300. 
concretions of, 89. 
occurrence of, 301, 303. 
production of United States, 
300, 301, 301, 305. 
uses of, 300. 

as a source of sulphur, 438. 
trealis(‘s on, 100. 
uses oi, 130. 

Italy, anliinoiiy iiniduction of, 298. 
asbestos m, 448. 
l)au\it(' in, 286. 
copper in, 219. 
iron in, 136. 

iron p>ril(‘ productitm of, 301. 
lead in, 237. 
lead ])rod action of, 212. 
inangainse in, 2(57, 208. 
mang.i icse production of, 272. 
mercur> in, 267, 201, 202. 
pctrolt'Uin production of, 349. 
salt production of, 431. 
zinc in, 237, 2 It), 
zinc production ('f, 262. 

J. 

I 

I Japan, antimony production of, 298. 
copi*er in, 218, 220 
copiier in-odnclion of, 220, 227. 
gold ill, 1()0. 

]>etrolciim in, 338, 340. 
petroleniii production of, 349. 
silver coinage in, 204. 
silver production of, 200. 
sulphur in, 138. 

Jasper, use of, in jewelry, 423. 

Jean, Spain, lead district, 236. 

Jig^ 112. 

Jigger, . J. 

Joint planes, 75. 
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Joint planes in granite, 363, 364, 366. 
in sandstone, 371. 

Joplin district, Missouri, zinc depos- 
its, 244. 

Jura-Trias period of volcanic activity, 

68 . 

K. 

Kansas, coal production of, 334. 
gynsum production of, 405. 
lef,'! in, 220. 

'lead production of, 241. 
limestone production of, 379. 
salt in, 431. 

salt production of, 433. 
spelter production of, 250. 
zinc in, 244. 

zinc production of, 250, 251, 307. 
Kaolin, 7, 10, 25, 309, 400. 

Karg gas well, Ohio, 362. 

Kentucky, asplialtum in, 356. 
coal in, 315. 
coal production of, 333. 
hydraulic ccunent production of, 
389. 

limestone production of, 379. 
natural gas ili, 351. 
natural gas production of, 354. 
iron production of, 146. 

Kerosene oil, 310, 347. 

Keweenaw Toint, Michigan, copper 
mines, 210, 220. 

Kootenay Lake, C'anada, silver de- 
posits, 194. 

Krenmitz, Austria-Hungary, silver 
mines, 198. 

li. 

Laccolite, 37. 

T^ake Champlain iron mines, 138, 142. 
Lake Superior region, copper mines 
of, 210, 212, 213, 221, 225. 
. economic products of, 63. 
general jlieatures of, 63. 
iron ores of, 124, 138, 139, 140. 
Lakes desiccated in the Cordilleras, 
64. 


Lakes, Quaternary, 70. 

La MottOi Missouri, nickel mine, 292. 
Lampblack, 353. 

Lancaster Gap, Pennsylvania, nickel 
mines, 293, 296. 

Land plaster, 403. 

Land rock, 407. 

Lateral secretion, 86. 

Latin Union, formation of, 201. 
Laurel Creek, Georgia, corundum of, 
427. 

Lead (a leader), 99. 

I.cad, 228. 

alloys of, 239. 
exports of, 466. 
imports of, 456. 

miiieralogical association of, 228, 
238. 

occurrence of, 238, 302. 
Appalachian district, 229. 
Arizona, 265. 
Austria-Hungary, 237. 
Belgium, 237. 

Colorado, 233. 

France, 237, 238. 

Germany, 230. 

Great Britain, 237. 

Idaho, 235. 

Illinois, 229. 

Ireland, 237. 

Italy, 237. 

Kansas, 220. 

Mexico, 238, 240, 241. 

Missouri, 229. 

Mississippi valley 228, 229, 231, 
248. 

Montana, 235. 

New Mexico, 236. 

New South Wales, 238. 

Poland, 237. 

Portugal, 236. 

Russia, 237. 

Scotland, 237. 

Spain, 230. 

Sweden, 237. 

Utah, 235. 

Wales, 237. 

Wisconsin, 229. 
ores of, 22, 238. 
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Lead production of, 230. 

Appalachian states, 240. 
Arizona, 240, 241. 
Austria-Hungary, 242. 
California, 240. 

Canada, 242. 

Colorado, 240, 241, 307, 465. 
Germany, 242. 

Great Britain, 242, 243. 

Idaho, 240, 241, 307. 

Italy, 242. 

Kansas, 241. 

'Mexico, 242, 243. 

Missouri, 241, 307, 455. 
Mississippi valh^y, 240. 
Montana, 240, 241, 307. 

New Mexico, 2 40, 241. 

Nevada, 210, 241. 

New South Wales, 242, 243. 
Russia, 2 42. 

Spni... 243. 

Sweden, 242. 

United States, 240, 241, 242, 
243, 304, 305, 453. 

Utah, 240, 241, 307, 455. 
Wisconsin, 241. 
world, 242, 
price of, 239. 
treatises on, 401. 
uses of, 23S. 

Lead-zinc, gash vein deposits, 84. 
Leader, 88. 

Leadville, Colorado, copper occur- 
rence, 210. 

manganese occurrence, 20.‘l, 
205. 

silver-lead mines, 189, 205, 233. 
Ledge, 98. 

Lehigh, Pennsylvania, anthracite area, 
316.' 

County, Pennsylvania, brown lie- 
matite, 121, 122. 

Lift plane in granite, 305, 300. 
Lignite, analyses of, 312. 

of Texas, 318. 

Lime, 359, 378, 379, 380. 

use as a fertilizer, 403. 

Limestone, 370. 

character of, 370, 377. 


Limestone, colour of, 377. 
definition of, 377, 378. 
distribution of, 385. 
flux, 453. 

occurrence of, 385. 
origin of, 31, 370. 
production of, Alabama, 379. 
California, 370. 

Connecticut, 380. 

Illinois, 379, 380. 

Indiana, 379, 380. 

Iowa, 379. 

Kansas, 379. 

Ktntucky, 379. 

Maine, 379, 380. 

M.iiyland, 379. 

Massachusetts, 380. 

Minnesota, 379. 

Missouri, 379, 380. 

Nebraska, 379. 

New Jersey, 380. 

New York, 379, 380. 

Ohio, 379, 389. 

PennsyU ania, 379, 380. 

Texas, 379. 

United States, 379, 380, 453. 
Venjiont, 379. 

Virginia, 379. 

Wisconsin, 379. 
use of term, 377. 
uses of, 378, 380. 
as a fertilizer, 402. 

Limonite, 19, 119, 120. 1?2, 135. 
Literatun* of Economic ^ alogy, 457. 
Litharge, 238. 

production of United States, 449. 
Lithocarbon, 355. 

in Texas, 350. 

Lithographic stone, 442. 

Little Bay, Newfoundland, copper 
mines, 220. 

Ltjcatbig miner.il veins, 105. 

Lode, 98, 100. 

Limgfellow, Arizona, copper mine, 
215 

Long ton, 133. 

Los Cerrillos, New Mexico, turquoise 
in, 421. 

Louisiana, salt in, 431. 
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Louisiana, salt production of, 433. 
sulphur in, 439. 

Lovelock’s Station, Nevada, nickel 
mine, ‘.i92. 

Lower California, copper in, 220. 

Lubricating oil, 340, 347. 

Luxemburg and Germany, iron pro- 
duction of, 140. 

M. 

Magnesi , 14, 437. 

Magnetite, 19, 20. 

concentration of, 129. 
distrilnitum of, 127. 
occurrence of, 128, 131, 302. 

Michigan, 127. 

New .Jersey, 127. 

New York. 127. 

renns>lvauia, 127. 

Rhode Island, 128. 
origin of, 130. 
production ol, 127. 

Michigan, 139, 144. 

New .Jersey, 143, 144. 

New York, 141, lU. 

Penn.^ylvania, 141, 144. 
segregation of, 130. 
separation by eh’ctncity, 120. 

Maine, building-stone production of, 
.‘183, ;J84, .‘JHG. 
copper jiroductiofi of, 225. 
granite production of, 3(58. 
limestone jiroduction of, 379, 380. 
slate production of, 370. 

Malachite, 22, 208. 
of Russia, 219. 

Malaspina glacier, Alaska, forest on, 
328, 329. 

Malay Peninsula, tin in, 279. 

Maltha, 3r>.'i. 

Manganese, 2.53, 202. 
alloys of, 270. 

association with hot springs, 200. 

with iron, 203. 
concentration of, 200. 
distribution of, 202, 208. 
mineralogical association of, 202. 
occurrence of, 135, 203, 268, 303. 


M^-nganese, occurrence of, Appala- 
chian Mountains, 2(>4. 
Arkansas, 263, 205. 

Australia, 207. 

California, 260. 

('’auada, 200. 

Chili, 207. 

Cuba, 200. 

Europe, 267. 

France, 207. 

Georgia, 203, 264. 

Germany, 208. 

Great 15 ri tain, 207. 

Italy, 207, 208. 

Michigan, 205. 

New Jersey, 204. 

New Zealand, 207. 
l*ennsyl^ania, 204. 

I’ortugal, 207. 

Russia, 207. 

Spain, 207 
Sweden, 207. 

'Furkey, 207. 
rniteci States, 204. 

V(‘rmont, 201. 

Virginia, 203, 204. 

Wisconsin, 205. 
or(‘S of, 24. 
oiigin of, 2()8, 209. 

])iice of, 271. 

production of Arkansas, 271, 307. 
(\alilornia, 271. 

Canada, 272. 

Chili, 272, 273. 

(k)l()rad«), 271. 

Cuba, 272. 

Georgia, 271, 307. 

Great Rritain, 272. 

Italy, 272. 

Michigan, 272. 

New Jersey, 272. 

Portugal, 272, 

Russia, 272, 273. 

Sweden, 272. 

Turkey, 272. 

Ignited States, 271, 272, 304, 
305. 

Vermont, 271. 

Virginia, 271, 307. 
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Manganese, treatises on, 402. 
uses of, 270. 

Manganiferous iron ores, 20.3. 
silver ores, 203. 
zinc ores, 203. 

Mansfield, (iermany, copper mines, 
218, 220, 222. 

Marble, character of, 30, 380. 
definition of, 377, 378. 
distribution of, 384. 
imports of, 382. 
occun*ences of, 384. 

California, ,381. 

Cordilleras, 381. 

(Jeorgia, 381. 

Maryland, 381. 

New York, .‘>81. 

Pennsylvania, 381 . 

'Fennessee, 381. 

Vermont, 380. 

Virgin ) 

production of (California, 383. 
Georgia, 383. 

Maryland, 383. 

New York, ,‘183. 

Pennsylvania, .383. 

Tennessee, 383. 

United States, 383, ,380. 
Vermont, 383. 
uses of, 382. 
use of term, ,377. 

Marbleized stone, .375. 

Marl, character of, 40,3. 

occurrence of, in New .Jersey, 403. 
production of United States, 
403. 

use as a fertillizt*r, 102, 403. 
use in Portland cement, 403. 
Marquette iron district, 121, 140. 
Marsh gas, 350. 

Maryland, chromium in, 201). 
coal in, 315. 
coal production of, 333. 
granite production of, 3t)8. 
infusorial earth in, 420. 
iron pyrite in, 301. 
limestone production of, .379. 
marble in, 381. 
marble production of, 383. 


Maryland, serpentine in, 382. 

slate production of, 370. 

Mason and Barry, Portugjil, coj^per 
mine, 210. 

M.issachusetts, building-stone pro- 
duction of, :}H.3, .384, 380. 
granite production ot, 308. 
limestone produetion of, 380. 
mineral water production of, 420. 
nickel in, 292. 

sandstone production of, 372. 
whetstones in, 428. 

Massive eruptive ore deposits, 80.* 
McDonald petroleum field, Pennsyl- 
vania, 3.39. 

Mechanically formed ore deposits, 80, 
hT, 1,35. 

Malaconite, 208. 

Menominee, iron district, 125, 140, 
11,3. 

Mcrcurv, 21, 2,33. 

mineralogieal association of, 253, 
2,38. 

occurrence of, 258, 303. 

Austria, 250. 

Borneo, 257. 

Calilornia, 253. 

Germany, 257. 

Italy, 257. 

Mexico, 258. 

Nevada, 253. 

New Mexico, 253. 

Oregon, 2,33. 

Peru, 257. 

Kussia, 257. 

Servia, 257. 

S}iain, 255. 

Utah, 253. 
origin of, 2,)8. 
production of, 201. 

Austria, 201, 202. 

California, 255, 307. 455. 
Borneo, 201. 

Italy, 201, 202. 

Mexico, 201. 

Peru, 201. 

Bnssia, 201. 

Sei la, 201. 

Spain, 201, 202. 
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Mercury production of ITnited States, 
261, 202, 604, 306, 453. 
world, 2(51, 202. 
price of, 200. 
treatises on, 401. 
uses of, 113, 200, 262. 
Merionotsliire, England, manganese 
deposits, 207 

Mesaba Kange iron district, 120, 140, 
142. 

Metalloids, 00. 

Metallur^^ , 113. 

of alum mum, 280, 287. 
treat isco on, 405. 

Metals, 00. 

in igneous rocks, 72. 
in scdeinentary rocks, 73. 
production of, California, 306. 
Coloiado, 305. 

Cordilleras, 300. 

Montana, 305. 

United States, 301, 305, 300, 
307, 454. 

review of, 302, 304. 

Metainorphic rocks, 38. 
geological age of, 41. 
kinds of, 39. 

Metaniorphism, causes of, 38, 40. 

contact, 92. 

Metric ton, 133. 

Mexico, copper in, 2^0. 

copper production of, 226. 

gold in, 107. 

gold production of, 176. 

lead in, 238, 240, 241. 

lead production of, 242, 243. 

mercury in, 258. 

mercury production of, 261. 

onyx in, 382. 

silver coinage of, 204. 

silver in, 193, 199. 

silver production of, 194, 200. 

tin in, 281. 

tin production of, 283. 

Mica, 8, 10, 442. 

occurrence pf, in Canada, 443, 
444. 

India, 443. 

New Hampshire, 443. 


Mica, occurrence of, in North Caro- 
lina, 443. 

South Jlakota, 443. 

Wyoming, 443. 

production of New Hampshire, 
444. 

North Carolina, 444. 

United States, 444, 446. 
Micaceous hematite, 119. 

Michigan, bromine in, 434. 
copper in, 209, 211. 
copper production of, 209, 213, 224, 
225, 307, 455. 
grindstoneb in, 427. 
gypsum production of, 405. 
iron in, 124, 127. 

iron production of, 138, 139, 144, 
1 15, 307, 455. 

manganese production of, 272. 
manganiferous iron ores in, 266. 
mineral production of, 466. 
miniTal water production of, 420. 
salt in, 432. 

salt production of, 433, 456. 
sandstone j)i (iduction of, 872. 
silver pioduction of, 192. 

Mill, 107. 

Milh'rite, 20, 292. 

Millstones, 425, 427. 
imports of, 428. 
occurrence of, New York, 428. 
I’ennsylvania, 428. 

Virginia, 428. 

Mine, character of, 105. 

drainage of, 100. 

Mines, heat in, 100. 

Mining methods, 103, 
treatises on, 464. 
terms, 90. 

Mineral, definition of, 2, 96. 
paints, 449. 

occurrence of, in New York, 
450. 

Pennsylvania, 460. 
products, exports of, 450. 
imports of, 450. 
of California, 456. 

Colorado, 455. 

Illinois, 455. 



INDEX. 


493 


Mineral products of Iowa, 455. 
Michigan, 455. 

Minnesota, 455. 

Missouri, 455. 

Montana, 455. 

Nevada, 455. 

New York, 455. 

Ohio, 455. 

IVniisylvania, 455, 

United States, 450, 451, 453, 
454, 455, 450. 

Utah, 455. 

Wisconsin, 455. 
statistics, treatises on, 404. 

Mineral veins, 08. 
forination of, 85. 
in joint planes, 70. 

Mineral waters, classification of, 
418. 

imports of, 420. 
productic j nf, (^ilifornia, 420. 
('oluratlo, 420. 

Massachust‘tts, 420. 

Michigan, 420. 

New llanipsliiro, 420. 

N(‘W York, 420. 

United States, 420, 453. 
Virginia, 420. 

Wisconsin, 420. 
treatises on, 404. 

Minerals, alteration of, 75. 
common rock-forming, 5. 
common vein-forming, 15. 
Mineralogy, text-hooks on, 450. 
Mineville, New York, iron mines of, 
120. 

Minnesota, building-stone ])roduction 
of, 383, :}84, 380, 455. 
iron in, 124, 125, 120. 
iron production of, 130, 142, 141, | 
145, 455. 

limestone production of, 370. 
mineral products of, 455. 
sandstone production of, 372. 
Mississippi valley, lead-zinc mine.s, 
84, 228, 220, 231, 240, 244, 
248. 

Missouri, barite in, 448. 
barite production of, 449. 


Missouri, building-stone production 
of, 383, 384, 380, 455. 
coal production of, 333, 455. 
iron production of, 130, 143. 
lead-zinc dc^josits of, 220, 241. 
lead production -of, 241, 307, 455. 
limestone production of, 370, {J80. 
mineral paints in, 450. 
mineral products of, 455. 
nickel in, 202. 

sandstone production of, 372. 
S}H*lter ])ro(liiction of, 250. 
zinc-lcad deposits of, 220, 2}>. 
zme ])roducti()n of, 250, 251, 307, 
455. 

M(4stiir(‘ in the C^irbonifi'rous, .‘l‘J8. 
Molly (Jibs(m, (’olorado, silver mines, 
18!). 

Monocline, 51. 

Montana, asbestos in, 448. 
copjH'r in, 200, 214. 
copper ]>i'o(lucfi(>n ol, 215, 224, 
225, 307, 155. 
diamonds in, 422. 
gold in, 158. 

gold ])roductinn of, 173, 307, 455. 
lead in 235. 

lead jmuliK’tion of, 240, 2 41, 455. 
metal production of, 305. 
mineral pioduction of, 455. 
sapphire in, 422. 
silver in, 181, 100. 
silver iiroduclion of, 2'^4, 205, 307, 
1 ^ 5 . 

^[oilier TiOde, ( ’alifornia, ), 152. 
Mountains, association of ores with, 
00, 04. 

^lurcia, Spam, lead district, 230. 
Muscovite, 8, 143. 

Mysore, India, gold production of, 

100 . 

N. 

Napa Consolidated, California, mer- 
cury mines, 255. 

Naphtha, 341, 347. 

Native t per, 22, 211. 
iron, 18, 81, 119. 
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Native mercury, 24. 

silver, 21, 180. 

Natural i^as, 837, .‘UO. 
analyses of, 350. 

association of, uilli petroleum, 
3j)1. 

consumption of, 354. 
distribution of, 337, 350, 351. 
future of, 352, 353. 
history ot, 351. 
occur '^•nce of, 337, 350. 

("a. fornia, 351. 

China, 352. 

Indiana, 351. 

Kentucky, :»5] . 

New York, 351. 

IViiiisyU’ania, 351. 

Ohio, 351, 352. 

Ontario, 352. 

])ressure of, 352. 
production of Canada, 355. 
Indiana, 354, 355. 

Kemtucky, 3j54. 

New York, 354. 

Ohio, 351, 3 j 55, 455. 
I'ennsylvania, 351. 355, 455. 
Cnited Stat(‘s, 354, 355, 453. 
\Yest Virninia, 351, 354. 
uses of, 353, 354. 

Natural stala, 437. 

Nebraska, liinesloire i)roductiou of, 
370. 

Nevada, aaitimony in, 207. 

antimony production of, .307. 

borav in, 435. 

borax production of, 1;>0. 

‘'old in, 150. 

f;old produelion of, 173, 307, 455. 

lead product ion of, 240, 241. 

mercury in, 253. 

iiiiiieral products of, 455. 

nickel in, 202. 

salt in, 4.‘i0. 

silver in, 181. 

silver production of, 181,204, 205, 
307, 455. 
sulphur in, 438. 

New Almaden, California, mercury 
mine, 253, 254, 256. 


New Birmingham, Texas, iron mine, 

121 . 

New Brunswick, manganese in, 260. 
New Caledonia, cobalt in, 203, 204. 
coball production of, 206. 
nickel in, 202, 203, 204. 
nickel prodiu'tion of, 206. 

New England, anthracite production, 
321. 

bog iron ores of, 121. 
coal basin, .‘>13, 314. 
granite production of, 308. 
infusorial earth in, 426. 
iron pyrite in, 301. 
slate ill, 374. 
till in, 275. 

Newfoundland, copper in, 220. 

iron ]^yritc in, 301. 

New Hampshire, copper in, 225. 
granite product ion of, 368. 
infusorial t‘arth in, 426. 
mica in, 443. 
mica production of, 444. 
mineral wat(T \m.)diiction of, 420. 
oilstones in, 428, 
soapstone in, 445. 
soapstoTu* production of, 446. 
whetstones in, 428. 

New Idria, California, mercury mine, 
253, 254, 255. 

New Jersey, bluestone production ot, 
373». 

building-stone production of, 383, 
»>84, 386. 

graiiiti* production of, 368. 
infusorial earth in, 426. 
iron in, 120, 127, 128, 135. 
iron production of, 130, 143, 144, 
145. 

liiiK'slone production of, 380. 
manganese production of, 272. 
manganiferons zinc ores of, 264. 
marl in, 403. 
soapstone in, 446. 
saiulstoiie in, 360. 
sandstone production of, 372. 
spelter production of, 250. 
zinc in, 243, 244, 248. 
zinc production of, 250, 261. 
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New Mexico, anthracite in, oil, .‘110. i 
copi)cr in, 210. 
copi)ei* production of, 224. 
c;old production of, J7d. 
lead in, 200. | 

lead production of, 240, 241. 
jiicrcury in, 200. 
silver ill, 101. 
silver produc-tion of, 204. 
tuniuojse in, 421. 
zinc in, 201. 

New South Wales, .£>old in, 102. 
f^old production of, 102. 
lead in, 20H. 

lead production oi, 242, 240. 
platinum in, 177. 
till in, 2^0. 

New York, bluestonc iiroduction of, 
070, 

liuildm^-stone producUioii ol, 080, 

' ■'*, JjO. 

ceincnt jiroduction of, 4'>0. j 

i^iaiiite production ol, 008 
‘ ji:yiisuni iiroduction of, 41)0. 
hydraulic cement inoiluction of, 
087. 0)80 
ion in, 127. 

iron ])roduction ot, 108, 141, 144, j 
1 10, 01)7, 400. j 

limestone jU’oductioii ot, 071). 080. 
marble in. 081. 
marble production of, 080. 
millstones in, 128. 
mineral jiaints m, 400. 
mineral ]U'oducts ol, 400. 
mineral water iiroductioii of, 420. | 
natural ^as in, 001. 
natural ii, as production ot. 001 ' 

petroleum in, 008, 0.0)0 i 

]ietr()l(*uni ])roduetion of. 048, 040. ; 
rortlaiid emneni production ol, 
OtM). 

salt in, 401, 402. 
salt iiroduction of, 400,. 100. 
sandstone production ot, 071. 
slate production of, 0 1 (5. 

New Zealand, f;old in, 102. 
gold production of. 102. 
manganese in, 207. 


New Zealand, petroleum in , 8, OK). 

platinum in, 177. 

Niccolite, 20, 21)2. 

Niecoliteroiis liVi’i’liotite, 20, 292. 
Nickel, 292 

alloy of, 294. 
cobalt, association of, 290. 
copper alloy, 290. 
imports of, 29i;. 

mincralogical association ot, 292, 
294. 

occiirrcnee of. 292. 290, 294. 000. 
Ansti-ian-IIunuary , 290 
( 'olor.ido, 292 
( 'oniK'ctient. 292 
(ireat llritam, 29.J. 
.Massaebii«^elts. 292 
Mis.soiiri. 292. 

Nevada. 292. 

New Caledonia. 292 290,294 
Nortli Carolina, 292 
Noi w’a\ , 29:1. 

Oreiion, 292. 
iVnii'-N Ivani.i 290, 294 
1‘inssia. 290 
Sweden, 290. 
ores < )t ^ Jt), 
origin ot, 294 
])riet‘ of, 29.’). 
prod net ion ol, 290. 

Peiin.sylvania, 007. 

CnitMl States, 290. .101, 000. 
world, 290. 
steel aii«»\ . 290 
uses ol, 294. 

Nijne-'I'aguilsk, Russia, coppci mines. 

219. 

Noii-melallie mineral jiriKluction c>t 
I lined Stales, 404. 

Normal fault, 00. 

Noiiie, ]Micliigan, iron mine. 140. 
Nortb Annu'ica, eo])j)er production ol. 

220, 227. 

North Carolina,, bariti' production of, 
449. 

diamonds in. 420. 
gold in, 148 
iron , , it(‘ in, :»()1. 

mica in, 440. 
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North Carolina, mica production of, 
444. 

nickel in, 202. 

phosphates in, 407, 408, 409. 
till in, 2 To. 

Northern coal area, .'llO, 1318. 

jnodiictioii of, iJ2l. 

Norway, eojiper in, 219. 
iron in, 1-U. 
niekel-i'obalt in, 2913. 
nieke iirodnellon of, 290. 
silver n, 199. 

Novaculites, occiirrence in Arkansas, 
428. 

Nova Scotia, coal in, 1314. 

^old in, 108. 
nian.<;aiiese in, 200. 

Nu^^gets, origin of, 157. 

O. 

Ochre, 450. 

production of United States, 450. 
Ogdensburg, New Jersey, zinc de- 
posits, 214. 

Chio, building-stone iirodiiction of, 
;3rt;5,';l80, 455. 
coal in, .*315. 

coal iiroduelion of, .‘3.’3.‘3, 804, 455. 
grindstones in, 427. 
gypsum production of, 405. 
iron ore in, 1.‘32. 

iron production of, I.'IO, 143, 144, 
115. 

limestone production of, 379, 380. 
mineral production ot, 455. 
natural gas in, 351, 352. 
natural gas production of, 354, 355, 
455. 

]) 0 troleum in, 337, .338, 330. 
petroleum production of, 348, 349, 
455. 

salt production of, 433, 
sandstone production of, 371, 372. 
Oil-pools, .‘342. 

Oilstones, 428, 

occurrence of, Arkansas, 428. 
Indiana, 429. 

New Hampshire, 428. 


Oilstones, production of United States, 
429. 

Old Dominion, Arizona, copper mine, 
21(>. 

Olivine, 10. 

Ontario, natural gas in, 352. 

I ’tall, silver mine, 190. 

Onyx, 381, .382. 

occurrence of, .Vrizona, 382. 
Oalifoniia, 382. 

Mexico, 382. 

0(‘)litic iron ore, 123. 

Ooze, globigeriiia, 31. 
red, .‘11. 

Opal, oeeiirrenee of, Washington, 423. 
production ot United Stat('s, 424. 

Openings, 230. 

Oregon, gold ])roductioii of, 173. 
mercury in, 2.53. 
nickel in, 292. 
platinuin in, 170. 
silver in, 205, 

Ore chaiimds, 80, 80. 

Ore, didinition of, 15, 90. 

Ore deposits, association of, with 
inoiintains, 00, 94. 
with younger rocks, 94. 
classification ot, 78. 
distribiiMon of, f)4. 
geological a.ssociation of, 94. 
origin of, 72. 

Ore pul[», 111. 

Ores, character of, 15. 
common, 15, 17. 
concentration of, 103, 110. 
milling ol, 108 
occurrenei' of, 302, 304. 
aluminum, 25, 284. 
antimony, 20, 297. 
cobalt, 20, 292. 
cop])cr, 22, 208. 
gold, 20, 147. 
iron, 18, 119. 
lead, 22, 228. 
manganese, 24, 202. 
mercury, 24, 253. 
nickel, 20, 292. 
silver, 21, 180. 
tin, 25, 274. 
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Ores, occurrence of zinc, 23, 243. 
reduction of, 103, 113. 
reinoval of, 74. 
traiisportiitioii of, 101). 
variations of, 102. 

Organic rocks, 31. 
soils, 393. 

Ornamental stones, 350, 3G0. 
Ortlioclase, 0. 

Osmium, 21, 170. 

Outcrop, 07. 

Overthrust fault, 50. 

Overturned fold, 51. 

Oxygen in the earth’s crust, 1. 
Ozokerite, 357. 

P. 

raciiic coast, coni field, 321. 

production of, 313, 310. 
Palatina'. , t.v mercery mines, 

257. 

Takeozoic, history of the I'nited 
Stnt(‘s, 08, 

Palermo, New Hampshire, mica mines, 
1 13. 

Palladium, 170. 

Panulcillo, Chili, copper mines, 217. 
Paratlin, :140. 

Park (’ity, Ttah, silver mines, 100. 
Patio process, 100. 

Paving-blocks, 300. 

Pay gravels, 154. 

Pay streaks, 154. 

Pearls, 422. 

Peat, 311. 

analyses of, 312. 
bogs, 322. 

bog theory for origin of coni, 322. 
Pennsylvania, antbrafite in, 315, 310. 
production of, 310, 3.33. 
bituminous coal iiroduction of, 333. 
bluestonc production of, 373. 
building-stone lu’oduction of, 383, 
380, 455. 

coal in, 315, 310, 317. 
coal production of, 315, 310, 333, 
334, 455. 
cobalt in, 203. 


I Pennsylvania, cliromium in, 20i). 
granite production of, 3t)H. 
hydraulic cement production ol, 
300. 

iron in, 121, 127. 

iron lu'oductioji of, 108, 140, HI, 
144, 115, 307, 455. 
limestmie production ol, 370,380. 
mauganese m, 204. 
marble in, 381. 
niarl)le production of, 383. 
millstones m, 428. * 
mineral paints in, 150. 
mimu-al jiroduetioii of, 455. 
natural gas in, 351. 
natural gas]>roduction of, 354, 355, 
455. 

nick(4 ill, 2t)3, 204. 
nickel ])ro(lm'tion of, 307 
pitroleiim m, .‘137, 338, 330. 
petroleum production of, 318, 340, 
455. 

Portland eemeiit iirodueiioii ot, 
300. 

.sandstone iii, .‘100. 
sandstone production of, 371. 

.slate production ol, .‘ITtl. 
soapstone m, 445. 
soapstone iirodiud-ion of, 440. 
s})(‘lter in, 2.”)0. 
zinc in, 244, 245. 
zinc production oi, 250, 251. 
Penokee-t logebic iror district, 125, 
1 .‘>5. 

Perak, tin in, 270. 

Percussion table, 112. 

Peru, eoi>i)er m, 218. 

gold production of, 100, 107. 
mercury iii, 257. 
moreury jiroduction of, 201. 
petroleum in, 34t). 

])< trolcum ])ro(luetion of, 340. 
pbosphate ])r(xluetioii of, 411. 
silver ill, 100. 

j silver production of, lt)0, 200. 

Petit Arise, Louisiana, salt deposits, 
431. 

Petrified wood, use of, in jewelry, 423. 
I’etroleum, 337. 
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I'etroleiuii, acciiinulation of, o4(l. 
association of salt with, 
character of, o40. 
coiiipositi<^n of, oil. 

(listrihntioii ot, o.‘j7, oI 2. 
exports ot, 4r)() 
history ot, 0 '»H. 
occurrence of, 

(’alilornia, ivlT, o38, 340. 
Canada, 338, 340. 
t\o*)ian j'emon, 3:18, 340. 

(!t)K 'ad(t. :M7, 338, 3.30. 
Indiann, :i:i7. 

.Iai)an, 3:18, .310. 

Xew Vork, :!18, .3:19. 

New /t'aland, :M8, :i40. 

Ohio, .3.37, ,3.38. .3:>9. 
rtuinsylvania, :»:i7, :>.39. 
reru, 3,40. 

KiiNsia, :)3H, .3i0. 

LhiiU'd States, 3:18. 

West X'lrj^inia, :::i8, .3:10. 
origin of, .340. 
production ot, .3t7. 

California, .348. 

Canada, .349. 

C:ol orach), :i48. 

(ierniany, .3hh 
Indiana, :U8 
Italy, .34 
Jajian, .349. 

New Vork, ;n8, .319, 

Ohio, ;US, .319, 4.V). 

Penns\ Ivania, .348, .349, 45.5. 
Peru, .349. 

Russia, 349. 

Ihiited States, .340, .348, 349, 
4.).3. 

West Virginia, 3t8, 349. 
world, .349. 

reseinblancH to animal oils, :}40, 
resemhlance, in behaviour, to arte- 
sian water, :i4.3. 

theories to account for accumula- 
tion of, 34 : 3 . 
treatises on* 40.3. 
uses of, 340. 

Phosphates, 12, 402, 405, 407. 
analyses of, 409. 


Phosphates, occurrence of, Alabama, 
407. 

13(‘lgium, 410. 

Florida, 407, 408. 

I'rance. 410. 

North Carolina, 407. 

South Carolina, 407. 
origin of, 410. 

))rice ot, 410 

production of, Pelgium, 411. 
Canada, 411. 

Chili, 411. 

Florida, 109. 

French (Jniana, 411. 

Creat Britain, 111. 

P(‘ru, 411. 

South Carolina, 408. 

United Slates, 411, 412, 4.53. 
I’rnguay, 111. 

\'eneziiela, 411. 

Pliosiihor bronze*, 22:J. 
lMiosi)horii>, injurious to iron, 119. 
Phyllite, origin of, :J9, 

Pig iron, tirodiictiou of United Stales, 
.U)4, :;05, 455. 

Pinches, 101. 

PijH* lead, 2 : 18 . 

Piston jigger, 112. 

Pi.ston stamp, 1 10 
Ihtch, 100, 231. 

Plagioclase, 0. 

IM.aster of Baris, 40:3. 

IMatinnin, 21. 

charaeters of, 177. 
coinage ol, 177. 
group of nu‘tals, 179. 
occurreiwe* e>f, 170, .303. 
(\iiifoniia, 1 70. 

(hinaela, 177. 

Colombia, 177. 

Borneo, 177. 

Brazil, 177. 

British Columbia, 177. 

New .Soutli Wales, 177. 

New Zealand, 177. 

Russia, 170. 

United States, 170. 
price of, 178. 
production of, 178. 
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riatinum production of Canada, 178. 

Colombia, 178. 

Russia, 178. 

United States, 178, .104, ,105. 
uses of, 177, 178. 

Pleistocene glaciation, 70. 

Plumbago, 441. 

Plutonic rocks, 17. 

Pocket theory for accumulation 
])etroleum, 140. 

Pointed box, 1 12. 

Poland, lead in, 2,17. 

sfielter production of, 252. 
zinc in, 217, 240. 
zinc production ot, 252. 

Pools of oil, 1 12. 

Pope’s (beck, Maryland, iiihisorial 
earth (h‘])osits, 420. 

Portland cement, 187. 
analyses of, 188, 189. 
producti<Mi New York. ,190. 

Pennsylvania, ,190 

United States, 189. 
use of marl lor, 401. 

Portland, Connecticut, l)rovvnstone, 
170. 

Portsmoitth, Rhode island, coal mines, 
114. 

Portugal, copp(‘r in, 220, 220. 
co])pcr production of, 220, 227. 
iron ill, 115. 
lead in, 21)0. 
manganese in, 207. 
manganese ])ro(luctioii ol, 272. 
silver eoniagcj of, 204. 
tin in, 279. 

Potosi, Rolivia, silver mines, 195, 258. 
tin mines, 281. 

Potter’s clays, K)0, 101. 

production of United States, 15.1, 

Precious stones, 42 1 
imports of, 425, 450. 
production of, United States, 421. 
treatises on, 4t)4. 

Preeipitat(‘d on* de])osits, 80, 82, 115. , 

Pniscott, Arizona, onyx deposits, 182. | 

Pro.spcct Hill, Nevada, silver mine, 
187. 

Prospecting, 104. ! 


Pro.siiector, 104. 

Pros.ser iron mine, Oregon, 122 
Prii.ssia, cohalt production of, 290. 

nickel-cobalt in, 291. 

Prziiiram, Austria, silver mines, 102, 
198. 

P.seudoiiiorjihs, 88. 

P.silomelane, 24, 202. 
of I I’yrargyiite, 21, 180 
Pyriti*, 100. 

production of, United States, 104, 
105. 

Pyrolusile, 24, 202, 

Pyroxene group, 8 
Pyrrhutite, nie.eoliferous, 20, 

Quartz, gold-hearing, 109. 

gold mines of ('alilornia, 148. 
imiiortaiK^e of, as a roe.k-forming 
mineral, 5, 10, 

production of United Stales, 424. 
iis(* of, in iewelr\ 421. 
use of in pott(‘rv, 401 
(Quartzite, chaiaeti'rs ot, 19 
(^ualeniai., additions to tlie United 
States, 70 
(Coastal plains, 52. 

economic ])roduets of, 54 
lak(*s nt ( 5)1(1 illeras, 70. 

Quebec*, ('anada, pet”oleum in, 140. 
j (Queensland, gold m, 102 
I g^)ld production of, 10 

! tin in, 280 

; (Quicksilver, 251. 

(Qumey, Michigan, eoj)! 'r mine, 211. 

K. 

Rammelsherg district, Cermariy, 198, 
210 . 

Ratio of silvi*r to gold, 202. 

Red lii*matite, 1!), IP.). 
occtirri‘ncc of, 102. 

Michigan, 121, 125. 

Minnesota, 124, 120. 

M. otiri, 120. 

N(‘w York, 121. 



Red hematite, occiiiTonce of, WihCt i- 
siii, 124. 

oriiriii oi, 120, 127. 
production of, 122. 

Alabama, 100 144. 

Gcomia, 140 
Micln^an, 100, 141. 

Minnesota, 142, 14 4. 

Missoiui, 140. 

IVnns} hania, 141. 

're ’iiesscc, 1 10. 

W conMi), 142, 144. 
Rrdiiiuton. ( 'alitoinia. mcicurv mil ?, 

Zi)>) 

Rod lead iinMluction of United Stat s, 
410. 

Red oclnvoiis hematite, 10. 

R(‘d ()()7e, 01 . 

Reduction ol ores, 100, 110. 

Reel, OH. 

Replacement ore deposits, 80, 87, lOu. 
Residual soils, 001, 0)02, 004. 

Rev(‘rse tault, oO. 

Ulieiiisli ])roMnc('s, (Termany, lead 
mines of, 200, 240, 240 
zinc mines ol, 200, 24"), 240. 
spelter, ])i()diictioii ot, 2')2. 
zine, ijroiluetiun of, 252. 

Rhodium, I7tl 

Rhode Island, anthracites of, 011 
014, 441., 

granite production of, 308. 
magnetite in, 128. 

Ribbon stiucture, 08. 

Riebmond, Massaeliusetts, limonit( 
deposits, 122. 

Virginia, coal, 015. 

Rider, 00. 

Rift 111 granite, 303, 305, 300. 

Rio Giand(‘, Texas, coal areas, 318. 
Rio 'rinto, Spain, copper mines, 217 
220 . 

River gravels, 154. 

Rock, definition of, 97. 
phosphates, 407. 
salt, 430. 

Rocks, disintegration of, 391, 392. 
disturbance of, 48. 

of 


Rocks, geological age of, 41. 
igneous, 34. 
sediiiU'Utary, 28. 
metainorphic, 38. 

Rocky Mountain coal area, 313, 319. 
production of, 321. 
pi riod ot formation of, 09. 
silver in, 192. 

Roll, 101. 

Roofiiig-slatc, 374, 375, 370. 

Rosario, Chili, copper mines, 217. 
Rosiclare, Illinois, fluorite deposits, 
t40. 

Roxbury, Connecticut, siderite de- 
posits, 133. 

Riibv Hill, ^'evada, silver mines, 187 
Itubj^ siUei, 21. 

Run, 100. 

Russia, coal in, 335. 
cojiper in, 219. 
coppiT production of, 220. 
gold in, 103. 

gold ])roduction of, 104, 174, 175. 
lead m, 237 

lead production of, 242. 
inanganest* in, 207. 
meieury m, 257. 

])etr()lemn in, 339, 340. 
ixdroleiim iirodiiction of, 349. 
platinum m, 170 
pl.iliniim prodiK’tion of, 178 
salt ])iod action of, 434. 
sihi I in, 199. 

Ruthenium, 179. 

Rutland, Vermont, marble in, 380. 

S. 

Saline sjirings, 419 
Salisbury, Massachusetts, iron mines 
142. 

Salt, 13, 430. 

association with gypsum, 404. 

petroleum, 337, 343, 432. 
lakes, as a source of salt, 430. 
occurrence in California, 430. 
Kansas, 431. 

Louisiana, 431. 
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Salt, occurrence in Nevada, 430. 

New York, 431, 432. 

Utah, 4:10. 

ori<;in of, 430, 431, 432. 
production of, ('alifornia, 433. 
Canada, 434. 

Colombia, 434. 

(icrmaiiy, 434. 

Ureal Britain, 434. 

Ilungary, 434. 

Italy, 431. 

Kiiijs.i.s, 4-')3. 

Louisiajia, 433. 

Micliiijjan, 433, 455. 

New York, 433, 455. 

Ohio, 433. 

Russia, 434. 

Spain, 434. 

United Stales, 433, 434, 455. 
Utah, 4;l:l. 

We^i \’iru:iiiia, 433. 
world, 131. 
trealis('s on, 104. 
ns(‘s of, 433. 
water. 3.37. 

ass(»ciation with petrc/lenm 337, 
343, 132 

Sandluirsl, Victoria, «old district, 101. 
Sandstone, 20, 300. 
colour of, 370. 
characters of, 300. 

(list riliut ion of, 300, 385. 
occurrence of, .‘lOO, 385. 

Ceiilral slates, JKiO. 
Coiineelicut, 300. 

New ,J er.se y, JlOO. 

IVnnsylvania, -‘JtJO. 
production of, California, 372. 
Colorado, 371 , 372. 
Coniiccticnl, 372. 

M assacl mse t Is , 372. 

Michigan, 372 
Miniiesola, 372. 

Missouri, .‘>72. 

New Jersey, 372. 

New York, 372. 

Ohio, 371, 372. 

Pennsylvania, 372. 

United States, 371, 372, 380. 


Sandstoru; iirodnctioii of Wi.sconsin, 
372. 

(piarryini; ol, 370. 
texture of, 370. 
uses of, 371. 
weatheiini^ of, 3>()0. 

Sand, use of, for abrasive pin poses. 
425. 

San Jacinto, (,!alifornia. tin mines, 270 
San Jaiis Ohispo, Calilurnia, oinx 
of, 382. 

Sap of cranite, 303. 

SapjJiire, occurrence oJ, Montaivi, 422. 
XortJ] Carolina, 423. 
lirodiiction of I’liited State's, 424, 

1 vSatin s])ai, iis(' (»f. in jewelry, 123. 

! Sancon valley. rcnns> Ivaiiia, zinc 
j mines. 215. 

, Schemnitz, Anstiia, silvci mines, 108, 

' S('hi.st, charac'ters ol, 3,0. 

! Schistose striK'tiirc', oriixm of, 40. 

1 Selioiifeld, Austria, tin mines, 270. 

; vSchu^lkili, I*enns\ Ivania, anthracite 
area, 310. 

Scotland, lead in, 237. 

Seytheslones, 428 

Se^iruated oh* dejiosits, 80, 00, 135. 
S(‘i»reganon, natun* ot, 00 
\)f gold, 152, 170. 
i of iron, 13)0, ]:;5. 

i Serpentine. 3,81, 382. 
j occurrenee of, Maryland, 382. 

I origin of, 170. 

' Servia niercnry in, 2‘, * 

' nu'reury jirodiielio. f, 201. 

Ses(inioxide of iron, 11 . 

1 Sevilk', Sj)ain, copiu'r of, 210. 
Swe.kii, zinc in, 24v). 

Shafts, 100, 107. 

in (5)in.stock Lode, 108. 

, Shales, 20. 

' Sheet lead, 23.S. 

] ['ll. el mica, 144. 
i Slieets of intruded rocks, 37. 

I Slicnandoah valley, V^irginia, iron 
deposits, 122, 142. 
i tin (h'liosits, 275. 

' Shod-'ii;, 104. 

Shoen.aker’s sandstone, 420. 
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Short ton, lo.]. 

Shot load, 

Siberia, j^old in, I(v>. 

Sicily, asphaltuin in, ohlJ. 
sulphur exports of, A U). 
sulphur ill, 4J>S. 
sulphur production of, 4;)8. 
Siderite, 20, 110. i;>2. 

Sierra Nevada Mountidiis, period of 
forniation of, 08. 
silver in, 102. 
slate ii :’,74. 

Silesia, Cleriuany, lead-zinc deposits, 

2;:o, 2 'k;. 

speller lu’oductiou of, 2iV2. 
zinc production ol, 2")2. 

Silicon in the earth’s crust, 1. 

Silver, 180. 

alloys of, 201. 
character of, 201. 
coinage of, 201, 205. 
decline in price of, 202. 
distribution or, 102. 
exports of, 450. 

extraeiiou of, by aiiialgaination, 

11 . 1 . 

free-coiua}^e of, 202. 
imports of, 450. 
lead ori's, M02. 

iiiiiieralo^ical association of, 100, 
200 . 
native, 21. 

occurrence of, IHO, 100, 200, ;J02. 
Aiipalacliiaiis, 102. 

Arizona, IIM. 

Austialasia, 107, 100. 

Austria- lluimary, 108, lOtb 
Hohvia, 105.' 

('alifornia, 101. 

(’anada, 104 
('entral America, 104. 

(duli, 107. 

(’olombia, 107. 

Colorado, 181. 

(^)rdilhu-as, 181. 

Europe, 107, 100. 

France, 108. 

(Germany, 107, 109. 

Great Hritain, 100. 


Silver occurrence of Idaho, 190. 
Mexico, 19;l, 194, 199. 
Montana, 181, 190. 

New Mexico, 191. 

Nevada, 181, 184, 188. 

Norway, 109. 

Fern, ioo. 

Hoeky Mountains, 192. 
hii.ssia,, lot). 

Sierra Nevada Mountains, 102. 
South America, 105, li)P. 
vSonth Dakota, 102. 

Spain, 108. 

Swedtm, 100. 

I jiitcd Slates, 181, 180, 100. 
rtah, 181, 100. 
ores <»f, 21. 

niai^.^aniferous, 205. 
ormin ol, 100, 200. 
pruiliielion of Aiizona, 201. 
Australasia, 20(5. 
AuNtria-llnniiar.v, 108, 20(5. 
Eolivia, EK), 20(5. 

C'alitornia, 201, 455. 

(’entral America, 20(5 
C’hili, 107, 20(5. 

Colombia, 20(5. 

(A)lorad(», 20 4, 20-"), 507, 155. 
France, 20(5. 

(hnaiiany, 108, 20(5. 

Ididio, 204, 205, 007. 

Japan, 20(5. 

^Mexico, 104, 20(5. 

Micliii;an, 102. 

Monlann, 204, 205, 007, 455. 
Nevada, 181, 204, 205, 007, 155. 
New Mexie.o, 201. 
l»erii, 10(5, 20(5. 

Spain, 20(5. 

Tinted States, 204, 205, 20(5, 
;104, 005, 450. 

Ttali, 201, 205, 007, 455. 
world, 200, 20(5, 207. 
ratio of, to gt)ld, 202. 
treatises on, 4(51. 
uses of, 201. 

Slate, 070. 

character of, 074. 
colour of, 070. 
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Slate, consumption of, .‘170. 
distribution of, .‘174, .‘184. 

^eoloi^ical a<;c of, 1174 . 
occurrtMico of, Appalachian states, 
.‘;74. 

California, ‘174 

Xew Kurland, tl71. 
origin of, I)!), :f7.‘l. 
product ion of, Miiine, d7(>. 

Maryland, d70. 

New Yoik, ;i7(j. 

I‘t*nnsylvaiiia, .‘ITd. 

Tnitcd States, .‘170, 080. 

Vermont, :I70. 

Vii-L'ijua, d7ti 
uses ot , •> ( 4, .ITo, 

Slaty eKava^e, d7.‘l, 1174. 

Slickensid(‘, lOt). 

Slime, 111. 

Sluice, 111. 

Smaltn- . 

Smeltin.LT, 1 Id. 114. 

Smithsonitc. ‘id, ‘Jfd. 

Smoky (piartz, production of, Tuited 
States. 424. 

S(>apstoms 1 1, 4 

(KK'UiTeiice m! t-lT). 
lu’oductioii of, New Hampshire, 
440. 

New ,Iers('> , 440. 

Penns} hani.i, 440 

riiited Slates, 410, 447. 

Vermont, 440, 
uses of, 1 10. 

Soils, :iin . 

elassilieation of, dOl. 
imporei ishment of, d08, 

()ri}j,iu ol, .'lin . 
treatuses on, 40:1, 

Solenliofim, Hermany, litho‘;raphie 
stoiK', 4 12. 

Solution cavities, 77. 

South Africa, ‘:^old in, 101. 
sold production of, 105. 

Sontli America, copper production of, 
220, 227. 
pold in, 100. 
guano in, 400. 
iron in, 136. 


South America, natural soda in, 437. 
silver in, 105 , 199. 
tin in, 280. 

South Carolina, barite production oi, 
4 19. 

gold in, 1 18. 
gold pn 'duel ion ot, 173. 
iron jiyi’Ju in, 301. 
phosphate in, 407, 408, 400. 
j)ho.st)liatc production of, 408. 
South Dakota, .irlcsian wells in, 418 
gold in, 158 
grindstones in, 427. 
giauitc j)niducti()n of, 308 
gypsum production ot, 405. * 
mica in, 41:1 

silver tirodnction of, 205 
South Wallingfoid, \drmont, man- 
gan(‘sc mi MI'S. 204. 

I Southern AtlanlK' stalc'', tm in, 275 . 
i s])(*ller production of, 250 

I zim‘ prodnctinii ,> 1 , 250 , 251 . 

I Spam, aiitnii<')ii\ tiroduclion of, 2t>8 
coal prndiuM 'on ot, :>■>’). 
copper in, 200, 210, 220 
copiMT production of, 220, 227. 
iron MI, 134. 

iron ]»rodn(‘tion of, 1 10. 
iron ])\ ril(‘ in, :101 . 
iron inritc jn-odnetion of, 301 
lead 111 , 2.30 

haul production of, 242, 243. 
manganese in, 207 
n '"’try pioducti> ■ of, 255, 201, 
202 . 

salt ])rodnction of, ^ '>1. 

.sil\(M’ coinagi' of, 204. 

silver in, 108. 

silver p'’(M_lnction of, 200. 

s]u4t('r ])Voductiou ot, 252. 

tin m, 270. 

zinc in, 2.30, 247, 

zme ])roduetioii of “32. 

Sjiani'^h gold mine, t‘alifornia, 151. 
Spathic iron ore, 119. 

Siieeular lieniatite, 19, 119. 

Spelter, 249. 

: 'cc of, 249. 

p.^alnction of, Austria, 252. 
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Spelter, production of, Belgium, 252. 
Eastern states, 250. 

Great Britain, 252. 

Illinois, 200, 252. 

Kansas, 250. 

Missoiui, 250. 

New fJersey, 250. 
IVnnsylvania, 250. 

Poland, 202. 

Rhine District, 252. 

Silesia, 252. 

Soul* ern slates, 250. 

•Spain, 252. 

Vnited States, 250, 252. 
wm'ld, 252. 

Sphagnum, action of, 522. 

Sphalerite, 25, 245. 

Sphene, oecurreiice of, New Y'ork, 
423 

Spiegeleisen, 270. 

Springs, cause of, 412. 

Stamps, 110. 

Stamping of ores, 110. 

State geological surveys, value of, 
458. 

Statistics of minerals, treatises on, 
40 1. 

Statuary bronze, 222. 

Steatite, 445. 

Stibnite, 20, 207. 

St. lv(‘s, England, tin inim*s, 278 
Stock werk, 80. 

Sloping, 107. 

Stora Koiiparberget, Sweden, copper 
mines, 210. 

Straits Settlements, tin in, 270. 

till production of, 283. 

Stratified, deliiiition of, 28. 
Stream-tin, 25, 274. 

Strike, 51, 100. 

Strike fault, 60. 

Sublimation ore deposits, 80, 03. 
Submergence of land in rarboniferous 
period, 320. 

Sudbury, Ganada, nickel min(*s, 293. 

platinum occurrence, 177. 

Sulphide of silver, 180. 

Sulphur, 12, 438. 

imports of, 440, 460. 


Sulphur injurious iii iron ores, 110. 
occurrence .of, Japan, 438. 

Louisiana, 439. 

Nevada, 438. 

Sicily, 438. 

United States, 438, 439. 

Utah, 438. 
origin of, 438. 
production of, Sicily, 438. 

United States, 439. 
uses of, 439. 

Sulphur Bank, California, mercury 
mines, 80, 254, 255, 259. 

Siilpliiirii; acid, use ot- iron pyrile for, 
300. 

Sumatra, tin in, 280. 

Surveys, state and national geological, 

I 457. 

SiUro tunnel, 107, 183. 

Swamp soils, 394. 

■ Sweden, copper in, 219. 

I iron in, 134. 

I lead in, 237. 

lead production ol, 242. 
mangaiu'se in, 207. 
manganese production of, 272. 

i niekcl-cobalt in, 29:>. 

; nickel production ol, 290. 

silvi-r in, ItM). 

Swell.s, 101. 

. Switzerland, alnniiniim production of , 

2tn. 

I Syenite, use of, as granite, 300. 

, Syneliiie, 51. 


T. 

Table Mountain, (kiliforiiia, 154. 
Tailings, 112. 

1 Tale, 14, 445. 

! production of. United States, 447. 

I Talus soils, ;>94. 

j Tamarack, Michigan, copiier mine, 
I 213. 

I Tarapaca, guano deposits, 407. 
j Ta.smania, gold in, 103. 

I tin in, 280. 

I Telluride of gold, 150. 

I 'Fennessee, coal in, 315. 
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Tennessee, coal production of, 334. 
iron production of, 130, 143. 
marble in, 381. 
marble production of, 383. 
Tertiary coal, 314, 318, 319. 
coastal plains, 04. 
land areas, (>9. 
mountain l<^l(ling, 09. 
river gravels, lo4. 

Texas, artesian wells in, 418. 
asphaltum in, 350. 
coal in, 318. 
iron in, 121. 

limestone prodiie-tion of, 379. 
htliograplnc stone in, 142. 
silver production of, 205. 

Tliarsis, Spain, copper min(‘, 217 
Thermal springs, 418, 419 
Thibet, borax in, 435. 

'riiistle, rtah, o/.okerite (U'posits, 357. 
Thunder v (’aiiada, silver mines, 
194. 

Ticonderoga, New York, graphite, 441. 
'Hlly Foster mine. New York, titaiiito 
from, 423. 

Tilt Cove, Ney> tcuindland, copper 
mine, 229. 

Timbering mines, 198. 

'rime-scale, giologieal, 45. 

Tin, 274 

alloys of, 282. 
distnbutJim of, 274. 
imports of, 282, 450. 
minoral(\gieal association of, 274, 
281 . 

occiUTcncA* of, 271, 281, 303. 
Alabama, 275. 

Australia, 289. 

Austiia, 279. 

Banca, 279 
Billetoii, 279. 

Bolivia, 28t). 

Burmab, 280. 

California, 270. 

Knghind, 277. 

Finland, 279. 

France, 278. 

Germany, 278. 

Mexico, 281. 


'J’in, occurrence of. Now South Wales, 
280. 

North Carolina, 275. 

Perak, 279. 

Portugal, 279. 

C^uetmsland, 280. 

South America, 280. 

Spain, 279. 

Straits Settlements, 279. 
Sumatra, 280. 

'Fasmania, 280 
United States, 275, 277. 
Vidoria, 289. 

\"irginia, 275. 
oiigin of, ‘JHI. 
ores of, 25, 27 I. 
placers, 274 
])late, 282. 
price of, 282. 

proiluetion of Australia, 283, 
Austria, 28.k 
Bolivia, 283. 

Gennai)\ , 289,. 

(ireat Bnlain, 283. 

Mexico, 283. 

Stiaits Seltlemmits, 283. 

United States, 283, 394, 305. 
v/orld, 283. 
treatises on, 402. 
uses of, 282. 

3’itaiiite in New York, 423. 

'ritiisvilk', Pennsylvania, petroleum 
in, 338. ' 

Tomb. : '.le, Arizona, s> 'rmines, 191. 
'ronrmaline, 423, 424. 

Transpiu’ted soils, 9,91, 595. 

Transvaal, gold in, 104. 

'breadwell, Alaska, gold mine, 100. 
Trenton l..iU‘stonc, as a source 
lietroksiin, 337, 338, 339. 
Triassic coastal area, 50. 
economic iirodncts of, 57. 
voleaiiK*, aetniiy oi, 57. 

Tribute system, 109. 
'rrinidad,asi)haltum in, 350, 357. 
True veins, 80, 83. 

Tunnel, 100, 107. 

Tuij '5 19. 

Turkey, manganese in, 207. 
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Turkey, manganese production of, 272. 

Turquoise, 421. 

occurrence of >Jew Mexico, 421. 
production of Ignited Slates, 424. 

"I'uscany, borax in, 4.‘ir). 

Tye, 112. 

Type metal, 230, 207. 

V. 

Unititc, 355. 

Unconformity, 45, 40. 

Underlie, T O. 

Uniterl States, abi'asive materials, 
production of, 420. 
agutized wood ])roduction of, 424. 
aluininiiin production of, 200. 
antimony production of, 2t)8, 304, 
305. 

artesian wells in, 418. 
asbestos imports of, 148. 
asplialtum imports of, 357. 

production of, 357. 
barite iiroduction ot, 440. 
bluest, one ))roductioii of, 380. 
borax ])roduction of, 43>(>. 
bromine iiroduction of, 134. 
bulirstone produet i(»u of, 420. 
building-stone ])ro<iuctioii of, 383, 
38-'), 3 h(), 4*)3. 

catlinil(‘ lu’oduetiou of, 124. 
cement (^xporU of, 450, 
im))orts of, 300.* 
prod iK't ion of, 453, 45(5. 
cliromium in, 200. 

production of, 300, 3,04, 305. 
coal consumption of, 331. 
exports of, 450. 
im])orts of, 450. 
occurrence in, 312. 
production of, 320, 333, 334, 
335, 330, 450. 

cobalt production of, 200, 304, 
305. 

copixir consumption of, 224. 
exports of, 450. 
imports of, 225, 456. 
occurrence in, 200. 
production of, 224, 225, 220, 
227, 304, 305, 453. 


United States, conindum production 
of, 420. 

diamond production of, 424. 
emery imports of, 427. 

production of, 420. 
feldspar proclue.tion of, 401, 402. 
Hint prodiieticm of, 402. 
garnet production of, 424. 
gmns, imports of, 425. 
geological history of, 05. 
geological survey, publications of, 
457. 

gold coinage of, 172. 
exports of, 450. 
imports oj, 450. 
production of, 173, 174, 175, 
304, 30f), 453. 

gold quartz production of, 424. 
granite produetioii ot, 308, 380. 
uses of, 307. 

gra])hite imports ol, 411. 

production of, 441. 
grindstones, iiroduction of, 420. 
gyiisum imports of. 105. 

])roduction of, 405. 
li\draulic ci'ment production of, 
380. 

Ill Areliean times, 05. 

Uaiiibriau times, 07. 

( 4‘t*tai*('ous times, 09. 
l*al;eozoi(' times, 08. 

'Tertiiiry tiim‘s, 00. 
infusoiial earth production of, 
420. 

iron, 1 ‘xports of, 145, 450. 
imiiorts of, 145. 
produetioii of, 144, 146, 140, 
301, 305, 453. 

iron iiyrite, tiroduction of, 300, 
301, 304, 305. 
lead, exports of, 450. 
imports of, 450, 
production of, 240, 241, 242, 
213, 304, 305, 453. 
lime production of, 453. 
limestone iiroductiori of, 379, 386, 
453. 

litharge production of, 449. , 
manganese, occurrence of, 204. 
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United States, manR.anesc production 
of, 271, 272, :K)4, :105. 
marble proiluclinn of, obO. 
marl production of, 40;i. 
mercury production of, 201, 202, 

304, 305, 453. 

metal i)rodiicLioii ot, 304, 305, 300, 
307, 454. 

mica production of, 414, 445. 
millstones, imports of, ^128. 
mineral products of, 450, 451, 453, 
454, 455. 

distribution of, 455, 450. 
exports of, 450. 
iiiiX)oits of, ‘1 50. 
mineral water, iini)orts of, 420. 

production ot, 420, 453. 
natural .i^as, consum})ti()n of, 

354'. 

pruduction of, 354, 355, 453. 
nickel p’''^duction of, 205, 200, 304, 

305. - 

oc4ir(' ])rodu(!tion of, 450. 
oilstom* production of, 420. 
opal production of, 424. 
petroleum, exjxnts ol, 450. 
occurnmee of, 338. 
production of, 340, 348, 340, 
153. 

phosphate production of, 411, 412, 
453 >, 

pi^* iron, 453, 

platinum production of, 178, 301, 
305. 

Portland eeinent ])rodnction of, 
3.80. 

])()tter’s clay production of, 453. 
precious stones, imports of, 450. 

production of, 424 
(piart/; pioduetion nf, 424. 
red lead production of, 440. 
salt jiroduetioii of, 433, 434, 453». 
sandstone production of, 371, 372, 
380. 

sapphire production ol, 424. 
silver, coinaj^c of, 204. 
exports of, 450. 
imports of, 450. 
occurrence in, 181, 180,190. 


United States, silver production of, 
204, 205, 200, 304, 305, 453 
slate production of, 370, 380. 
soapstone production of, 440, 
447. 

spelter production of, 250, 252. 
sulphur, imports of, 440, 450. 
occurrence in, 438, 430. 
production of, 43, 
talc pioduetion of, 447. 
tin, imj)orts of, 450. 

ocxurnuice in, 275, 277. 
jirodncLion ol, 283, 304, 3.Q5. 
tourmaline production of. 424. 
timinoisi' ])roductioii of, 424.* 
whetstone ])ro(lu(aion of, 420. 
white lca<l production ot, 440. 
zinc, occurcncii in, 241, 247. 

production of, 250, 251, 252, 
304, 305, 153. 

zinc-whitc, production of, 25J, 
l it), 453. 

United Verde., c(>pi)cr mine, Arizona, 

210 . 

Upthrow of iaull, 50. 

Urals, chromium in, 300. 
copper in, 210. 

♦fold m, 103. 
platninm in, 17(). 

Urni^uay, i’uano in, 407. 

])hosphate production of, 411. 
Utah, aitcsian wells in, 418. 
a.-^phaltum 111, 350. 

C07"/" r in, 210. 
copper prodnciiou O* '24 
"old production of, 1 < i 
f^yfisum iiroducLion of, 405 
leiul in, 235. 

lead piM'Ouftion of, 240, 241, 307 
455. 

ni(‘re.ury in, 253. 
mineral products ol, 455. 
ozokei‘it<‘- in, 357, 35". 

.salt in, 130. 

salt production of, 43»3. 
silver in, 181, 100. 
silver production of, 204, 205, 307, 
455. 

sulpnur in, 138 
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V. 

Vaimer, 112. 

Vaseline, 347. 

Vegetable origin of coal, 322. 

Vegetation in Carboniferous, 325, 327. 

Vein, 08, 106. 

Vein rock, 07. 

Vein wall, 90. 

Veins, branching of, 102. 
effects of faults upon, 101. 
effects nf intersections on, 102. 
influem of country rook upon, 

c 102. 

variations in, 101, 102. 

Veinstones, 17, 07. 

Venezuela, copper in, 217. 
copper production of, 175. 
phosphate production of, 411. 

Vermilion, 24. 

Vcnnilion Lake iron district, Minne- 
sota, 126, 140, 142. 

Vermont, building-stone production 
of, 383, 384, 380. 
copper in, 200. 
copper production of, 225. 
granite production of, 368. 
limestone production of, 370. 
manganese in, 264. 
manganese production of, 271. 
marble in, 380. 
marble production of, 383. 
soapstone production of, 446. 
slate production of, 376. 
whetstones in, 428. 

Vertical crevice opening, 230. 

Vete Gmnde, Mexico, silver mines, 
193. 

Vete Madre, Mexico, silver mines, 
193. 

Victoria, auriferous gravels of, 162. 

Victoria, gold in, 161, 162. 
gold production of, 161, 162. 
tin in, 280. 

Virginia, barite in, 448. 
barite production of, 449. 
coal in, 315^ 

granite production of, 368. 
gypsum production of, 406. 
iron in, 121. 


Virginia, iron production of, 139, 
142, 144, 145. 
iron pyrite in, 301. 
limestone production of, 379. 
liihograpliic stone in, 442. 
manganese in, 263, 204. 
manganese production of, 271, 
307. 

marble in, 381. 

millstones in, 428. 

mineral paints in, 450. 

mineral water production of, 420. 

slate production of, 370. 

tin in, 275. 

zinc in, 245. 

Volcanic neck, 37. 

W. 

Wad, 24, 262. 

Wales, lead in, 237. 

Wasliingloii, coal in, 820. 
coal production of, 834. 
opal ill, 423. 

silver production of, 205. 

Washita oilstones, 428 
Water line, 102. 

Water, solvent power of, 74. 

undergi'ound, 74. 

Welcome nugget, 157. 

Stranger nugget, 157. 

Western coal area, 313, 318. 

production of, 321. 

Westphalia, Germany, lead mines, 
236. 

West Rutland, Vermont, marble in, 
380. 

West Virginia, bromine hi, 434. 
coal in, 315. 

coal production of, 317, 333. 
iron production of, 144. 
natural gas in, 351. 
natural gas production of, 354. 
petroleum in, 338, 339. 
petroleum production of, 348, 349. 
salt production of, 433. 
Whetstones, 425, 428, 429. 

White lead, 238, 239. 

production of United States, 449. 
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White metal, 249, 

Willemite, 23, 243. 

Winze, 107. 

Wisconsin, building-stone production 
of, 383, 384, 380, 4^5. 
granite production of, 308. 
iron in, 124. 

iron production of, 139, 142, 143, 
144, 307, 456. 
lead in, 229. 
lead production of, 241. 
limestone production of, 379. 
manganiferoi\s iron ore of, 205. 
mmei*al products of, 455. 
mineral water production <jf, 420. 
sandstone production of, 372. 
zinc production of, 251, 307. 
Witwatersrand gold district, Africa, 
105. 

World, antimony production of, 298, 
299. 

coal pn ^’’"‘♦ion of, 335 
copper production of, 220, 227. 
gold production of, 174, 175, 203. 
iron production of, 140. 
iron pyrite production oi', 301 . 
lead production of, 242. 
manganese production of, 272. 
mercury production of, 201, 202. 
nickel production of, 29(). 
petroleum production of, 349. 
salt production of, 431. 
silver production of, 203, 200, 207. 
spelter production of, 252. 
tin production of, 283. 
zinc production of, 252. 

Wurtzilite, 355. 

Wyoming, asbestos in, 447. 
gypsum production of, 405. 
mica in, 443. 

Wyoming, Pennsylvania, antliracite 
area, 310. 

Z. 

Zinc, 228, 243. 
blende, 23. 

mineralogical association of, 243, 
247. 


Zinc, occuraence of, 243, 244, 247, 
302. 

Austria-Hungary, 237, 240. 
Belgium, 237, 245. 

Cordilleras, 243. 

Europe, 247. 

Germany, 230, 245, 240. 

Great Britain, 237, 240. 

Italy, 237, 240. 

Kansas, 244. 

Mississippi valley, 2;^9, 244. 
Missouri, 244. 

New Jersey, 243, 214 
Pennsylvania, 241, 245. 
Poland, 237, 240. 

Spain, 230, 247. 

Sweden, 240. 

United States, 244, 247. 
Virginia, 245. 
maugaiiiferous, 203. 
ores of, 23. 

origin of, 84, 231, 211, 247, 248. 
price of, 249. 
production of. 249 
Arkansas, 251. 

Austria, 252. 

Belgium, 252. 

Eastern states, 251. 

Great Britain, 252. 

Iowa, 251. 

Italy, 252. 

Kansas, 250, 251. 307. 
Missouri, 250, 251, 307, 455. 
New Jersey, 2?, ‘ i51. 

New Mexico, 25 j 
P ennsylvania, 25»;, 251. 
Poland, 252. 

Rhine District, 252. 

Silesia, 252. 

Southern states, 250, 251. 
Spain, 252. 

United States, 250, 251, 252, 
304, 305, 453. 

Wisconsin, 251, 307. 
world, 252. 
treatises on, 401. 
uses of, 248. 

Zincite, 23, 243. 

Zinc \V,.ite, 248, 251, 449, 453. 



